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PREPACE 


In  recent  years,  the  SMP  has  placed  considerable  emphasis  on  cooperative  R  &  D  programmes,  especially  where  there 
are  several  variables  to  consider  and  where  several  identical  tests  must  made  to  evaluate  the  scatter  in  the  results.  Fatigue 
and  corrosion  tests  lend  them.selves  particularly  well  to  this  treatment,  since  one  laboratory  working  on  its  own  could  spend  a 
vast  amount  of  time  and  money  in  deriving  all  the  requisite  data  before  any  analysis  of  the  res  ilts  could  be  undertaken.  By 
inviting  the  participation  of  several  laboratories  (even  though  these  may  be  in  separate  countries),  the  work  can  proceed  in 
parallel,  thus  reducing  the  total  elapsed  time.  Moreover,  each  participant  can  re.ip  the  benents  of  the  whole  programme  for  a 
small  outlay. 

Successful  ventures  in  recent  years  include  the  Critically-Loaded  Holes  Programme  and  the  Corrosion  Fatigue 
Cooperative  Testing  Programme.  This  report  presents  the  findings  of  the  latest  cooperative  programme  to  be  completed  — 
an  evaluation  of  Fatigue- Rated  Fastener  Systems. 

Despite  the  advent  of  adhesives,  composite  materials,  integrally-machined  components  and  diffusion  bunding, 
mechanical  fasteners  are  still  the  most  common  means  of  joining  parts  together  in  the  aerospace  industry,  and  will  remain  so 
for  many  years  to  come.  The  designer  needs  to  know  which  fastener  systems  are  the  most  ef.lcient,  and  this  programme 
studied  a  number  of  system.s  from  the  fatigue  point  of  view.  In  this  contest,  'system'  means  not  only  the  fa.stener  itself,  but  also 
the  way  in  which  the  hole  is  prepared  and  the  fit  of  the  fastener  in  the  hole. 

The  thanks  of  the  Panel  are  due  to  the  collaborating  laboratories  and  especially  to  the  Coordinator,  Mr  H.H.van  der 
Unden.  who  was  responsible  not  only  for  organising  the  programme  but  also  for  much  of  the  analysis  and  the  preparation  of 
this  ieport. 


W.O.HEATH 

Chairman.  Working  Group  on 
Faiiguc-Ratcd  Fd&tener  Systems 
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FATIGUE  RATED  FASTENER  STSTEMS 
-AN  AGARD  COORDINATED  TESTING  PROGRAMME- 
by 

H.H.  van  der  Lindan 
National  Aaroapace  Uboiat^ry  NLR 
Anthony  Fokkarweg  2 
1059  CM  Amatardam 
The  Netherlands 


SUMMARY 

Thl.  fln.l  t«hnlcil  r.port  contiln.  ths  dcicrlptlon,  te«t  r..uUe.  m.ly.U  and  eonclualnni  of  a 
coUaLratlva  fatlgua  taat  ptograima  whlcN  aaaeaaad  tha  fatlpue  liva.  of  a  tanga  of  faaten-jr  ayateaia  ualng 

A^riUr'of^  ^"Vt»nrtar  alngle  shaat  joint  daalgna  wera  avaluated  and  coaipared  In  an  aatanaiv.  core 
ntoeraraie:  aocondary  bending  and  load  ttanafer  ware  determined  ea.arlmantally.  -k. 

Between  aeven  and  alght  hundred  apeclmnne  were  fatigue  tested  by  participants  In  «ven  ^ 

fatleue  laata  uere  carried  out  oelnly  under  FAESTAFF;  aome  teat  aerlea  ware  dona  under  MINI  TWIST  end 
constant  amplitude  loading.  The  aheat  materials  used  were  lioo  tha  2000-  and  7000-  alueilnluui 
The  faatenera  ranged  from  standard  bolts  to  tapered  fasteners,  Installed  In  holes  which  were  drilled. 

The*m*lt’lpla*TlneVr 'regression  analysis  method  end  graphical  methods  were  used  to  correlotn  re  suit  a  and 
lo  f“i  trendl  arng'X  v.rlabl.a.^n  additional  the  coat  figures  were  related  with  the  fatigue  p.rfor- 
B«TtCe. 

The  AGARD  coordinated  Fatigue  Rated  Fastener  Systems  programme  not  only  Idantlfled  the  prime  para¬ 
meters  In  fastener  system  selection  but  aleo  quantitatively  evaluatad  these. 

e***’*McoIIdaty*bandVn*g  p'ro^Vd  to  be  a  prime  parameter.  At  moderate  to  high  valuea  It  tends  to  nullify 
the  banaflclal  effect  of  fatigue  enhancement  fastener  ayslema;  .  l 

.  at  low  to  moderate  secondary  bending  (or  at  the  abaence  of  It)  th.  It.  clamping  *'"*  '"‘j* 

prime  parameters.  At  high  load  transfer  and  at  high  fatlgua  load  levels  the  beat  results  are  obtained 
with  cold  worked  holes  plue  high  interference  fit  fmACenert; 
e  double  ehemr  Joint*  cleerly  ahow  a  faatener  ayaten  rating;  g  ,  v» 

e  the  hole  quality  aa  such  la  not  a  prime  parameter,  however,  dimensioning  to  slie  to  obtain  a  close 

tolerance  fit  results  In  holes  with  good  fatigue  qualltyl  Mod.r.-.  Co 

.  increasing  costa  of  th.  fastener  system  might  result  In  a  better  fatigue  p.rformarte.  Modcre.e  to 
high  secondary  banding  tends  to  rulllfy  the  extra  coal,  of  fatlgua  enhancement  faat.n.r  ayetema.  The 
conclualona  of  the  report  pre.ent  e  coat  effectlvencaa  rating  of  different  fastener  ayatema  applied  In 
doitblc  Hh*«r  *nd  low  load  tunefer  Joint. 


1.  IKTRODUCTIUN 


The  application  of  ehaar  loaded  faaCeo.r  ayaiema  with  known  or  advertised  good  fatigue  performance  la 
casing  cenalderably,  both  In  new  aircraft  dcalgne  and  in  mudlf Icaclona  of  older  ones.  Thle  Increase  In 
■tompanled  by  an  Inereaaa  In  rcaetreh  and  developmcnc.  The  Structures  ard  Materials  Panal  of  the 
Croup  for  Aaroapace  gesearch  aod  Development  (ACAgD)  recognleed  thle  i.iid  appointed  working  groups 
out  collaborstlve  fsclgue  rest  progremiua  on  fatigue  rated  fsstensr  aystems  In  aluelnlum  slloy 


us"'lVsc*omp'sn*led  by  Vn  Increase  In  research  and  developiwnt. 

Advlaory 
to  carry 
structural  JolntSa 

A  first  programme,  the  CrUlrally  Loaded  Hole  Technology  Fll"i  Collaborative  Teal  Frogramae  (reference 
n.  was  carried  owl  In  the  period  October  197*  up  to  October  1979  In  which  open  hole  and  low  load  traoafer 
joint  epeclwna  were  fatigue  rested  under  FALSTAFF  f I Ight-by-f light  loading. 

The  reauUa  caa  be  eummarlaed  ae  fellowe: 

•  conalatenc  fatigue  Gde  can  be  generated  la  comples  fatigue  icstlag  hetweji  the  pactlclpeita; 

s  interfertncn  fit  featener  ayaiema  are  relatively  Insensitive  to  effects  of  hole  quality; 

e  valuable  design  data  was  ganeraied  on  low  lead  cianafar  jolnia. 


After  cotwleileo  of  the  Critically  Loaded  Bole  Technelogy  riot  Col  labor.,*  Iv.  Tear  »rogra.me  « 
uo  programme  wee  defined  In  197»i  the  Fatigue  Hated  F/aiener  Syatema  irgFSl  pregraam*.  coordinated  by  the 
author  of  ths  j^rcaeat  paR«r. 

T»e  rifS  eaa«ss«d  tbs  fsii»«e  lives  si  a  raft|;e  ut  fssteaei  sysUas  usia*  dlftereai  J^lni  test 

•MClaeaa.  la  arfrflliaa  the  cost  flRurea  were  rvUied  with  ih*  tstlRue  p«r<MMOce.  A  /ri*te:>cs^dstw»  ter 
the  af  last  resulra  produced  la  dirferenl  eouatrlea  wea  establlihe^J  by  ©f  ear*  prott^ 

mea.  gHulte  were  analysed  iy  the  Air  Futca  Flight  Uynamlea  Uboretery  (WlA)  and  tha  garlonal  Aerospace 
Laboratory.  HU  (The  Nether  lande) .  This  ACARB  gspotl  daserthes  the  «rt  pre|..anme  and  presents  the  reaulie 
**•1  aaalyela. 


2.  CRJbCtlVU.  KmteSS  H£AN5 

The  ebjeettvea  a#  the  cae^rstSve  progcaw  wer«i 

•  to  detoralac  tbs  tetigue  Uvet  ror  a  raagt  a<  fatigue  ratoA  isetcaer  #yaie*a  la  elltorsat  MterlsU  la 
cadblMtlcm  wiib  a  •elecilaa  of  hole  pcepsretioa  teebat^u#*  ea4  lastaMatl©*  pers^etera; 

•  to  estobliab  tbe  cost  figures  af  eech  fseicuer  ayater*  Sb  teUlie©  ia  Us  fsclgue  periervoace; 

a  te  lAesiUy  the  ptl»e  pscSKStera  lavelvei  la  (B*t**si  wystea  select  lea; 

•  le  gvAsrate  <i«slga  gsca  fer  a  awaher  af  fasteaer  ayateas; 

•  to  devalop  s  lefecence  dntwm  for  the  coaparlson  of  test  results  produced  In  dtffereni  count rfea  uelng 

dlffcramr  eperlmea  geomeirtesj 

e  te  dovelop  experimental  methods  for  fasisner  system  fatigue  rating. 
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/..M.  a  {lr««  «teii  *»ch  participant  detlnid  his 

S.v.n  cous.rl.s  p.rtlclp.t.d  In  xVl.  dclinltlon  sp.clfl.d  pH.  ^t.rlnl.  thick- 

own  progr.™..  which  could  b.  1„.V  hoi.  production  tooling,  f.st.n.r  typs.  f.«.n.r 

nw.  .^{.c.  tr.8tm.nt.  Int.rf.y  .urf.c.  ...Unt.  Iln.t  noi  p  „„„  {orm.d  .  tot.l  «trl«  of 

Ssl^not  compUt.ly  ld.ntlc.l  .p.cl«n  d.slgn.. 

For  cUrlty  th«  FRFS  progriom.  wa.  tpllt  up  in  four  pirt*. 

•  No  load  tr.n.f.r  Joint.  (NLT). 
e  Low  load  tr.n.f.r  Joint.  (LLT). 

•  Doubl.  .h..r  Joint.  (DS). 

:i.h 

.,0l..n.  Of  th.  FFFS  program.  f..t.n.r  Fit  -nd  sometime  hoi.  .urf.c.  rough . .  ....ur.d 

during  fietener  InntilUtion. 

.  g  Til  STAFF  (Fighter  Aircreft  toeding 

The  .p.clm.n.  of  th.  FRFS  progrsmm.  o.rrl.d  out  und.r  Ih.  gu.t  .p.ctrum  MlNl- 

ST.nd.rd  For  F.tlgu.  .v.lu.tlon)  V  growth  ob..rv.tlon.  w.r.  mad*.  Each  f.tlgu.  .. 

twist  and  und.r  eon.tanl  .mplltud.  loading.  No  g 

reported  on  tn  epeciil  fora. 

F.tlgu.  live.  war.  ev.lu.t.d  In  term,  of! 
e  f..t.n.r  eyatam.  fit  and  hoi.  qu.llty. 

:  l";”‘;:rrr;.::*;o:rtr.n.f.r  .nd  ..cond.ry  b.ndlng: 

:  araiiiruFflS^l.  -thnd  and  ...phlc.l  mathoda  w.  re  uaad  to  corr.l.t.  re.ult.  and  to  find  tr.nd.  at.ng 

Since  . . lack  of  a  alngle  ^//'^“oor.' 

*  . . .  " 

manuf.ctur.d  from  one  material  ■  ...renar  and  fit)  were  selected  and  defined;  tha  third 

..aunt,  uad  U.!.  and  ..ad  .p.c.rum  ware 

■^eelfled. 


3,  FKOCKAHMF  OVKRVIKW 

A.  orlglually  anvl.aged  the  FttFS  ^'ro^^^^^  '*'* 

..,nl».:nle  of  Individual  h  har^t'.^l.tlc  ajeclmea  asa-pie.  1®  Ptaaented  In 

^  I  M...lnad  tranifer  lolnta 


—  ,  -v^  -<ig»le  faiiteAcr  »i>unti  *  neall  non 

Tha  ae-lead  transfer  ap.cHn  has  a  e".ne'f^'la'  do.,  to  ««  a.condary  handing  1. 

load  carrying  pUte  to  th.  dogbone  Cflgur.  U.b).  Load jr.nd  „her  type,  of 

ratdtl'l'g. dlelatluur  t"::  .hi.  .mpu  -d  .heap  lealgn  can  ba  uaad  for  the  ...  uat  on 

of  fastener  ayalena. 

.wo  baalc  Ptogramnea  defined  differed 

ta.tener  eyataea  U  on«  ■‘•'eaf  ““''**‘*  ^J”“ddln.i  to  allow  eompadaon  of  the  result,  of 
ayatem.  Therefoie  a  ILl'a-l  ^  Vh  T.oafaa-e  o.lglnally  d.  fined,  la  addltloo  to  no-.oad  iraoefer 

hM.U  aroeraramea.  Table  I  overview,  th.  p.ogfa««!  o.lgmat.j 
apedoeM  ^Sweden  ilao  tested  open  hole  on.a  (ilgur. 

r  .  Low  load  traa.fer  ]olo»  . 


1*  L»»«  iwee 

-  ^  ,  e  ^  a  ..  .  ,u>til«M4i  une  te  th<»  Cfitl«eil»  to^ded 

Ttilft  Mft  &i  (he  prugr**^  (tahlr  *)  •»>  *  •''*““  eculi  iBMetlgiti  luf(b«r  (he  fatigue 

goU  U  hodogy  frog.al.  la  that  “r***  •‘•’‘Tfal' 

U.tenar  -y.t.«  of  pa. titular  (  t  . . .  the  laad  traa.fer  at  ...h  faa- 

ahowK  la  figure  }.  For  h.lS  *■  JT  ,.l 'load  the  Ulat  la  repreaeatatlva  of  lowet  wlag  abU 

t.aer  lor.tUo  I.  ‘  .rogra-wr  was  defined  to  allow  eomparl^wt  f* 

ualag  the  dee let  log  Wt  d  g  j.  .  ..a  n  rka  FmFS  piogtea^  hegaa. 

rh.  W  de.lga  waa  alt.edy  being  tested  whea  the  rwrs  ptogt 


1.1  mtfc  laad  tr.a.Iei  doohle  shear  lalatji. 


»o.*U  .hear  Jd.ta  have  no  a^  thUba.a..a.  f....ner  ay.tema  and 

apedno.  gee-tria.  (Ilgut.  "“V  T,,«r«  to  ovalnat.  and  compare  the  different  dedg..^ 

uLed  It  we.  fall  netaeaary  to  define  a  cow  M**'  ^^,4  j,.,  of  the  ptogramme.  The  Kb 


High  load  tranifT  •tnalt  •heT  lolnti 


SlngU  ah*ar  Jolnta  ari  axposad  to  aacondary  banding  cauaad  by  aayaaetric  accantriclCiaa  of  tha  load 
carrying  neabara.  Tha  amount  of  banding  dapenda  acrongly  on  tha  joint  gconatry.  It  la  ganerally  racognlaad 
that  dlffarancaa  In  faatanar  ayatama  tand  %n  ba  ovarahadowad  by  axcaaalva  banding.  Rapraaantat Ion  of  a 
raailatlc  banding  aituatlon  by  individual  participanta  reaultau  in  a  nuobar  of  dlffarant  apaciman  gao- 
natriaa.  Thaaa  vara  avaluatad  undar  a  ranga  of  variablaa  dlraciad  to  tha  reouiraokanta  of  individual  oartl- 
elpania  (tabla  6). 

3. A.!  Background  of  tha  ainglc  ahaar  daaigna 

Four  daaigna  will  ba  daacribad  (figurea  7  to  It): 
a  iap  Joint,  a  thraa  rov-typa  (F)  and  a  two  rov-typa  (US); 
a  X-typa  Joint  (SH); 
a  Q  Joint  (UK); 

«  Itj  dogbona  apaciman. 

Lap  Jointa  era  uaad  in  an  aircraft  atrnctura  only  if  a  doubla  atrap  can  not  ba  appilad.  ThU  type  haa 
a  vary  high  banding  acreaa,  which  la  in  tha  order  of  tha  axial  atraaa  conponant.  At  leaat  two  faatanar  rowa 
ara  praaant.  In  a  tVQ  zm  iap  Joint  the  load  tranafar  par  row  ia  50  X  of  tha  total  ioad.  Tha  ioad  tranafar 
dacraaaaa  aomawhat  whan  thraa  rowa  will  ba  praaant.  Dua  to  the  high  banding  and  high  ioad  tranafar  thla 
joint  ia  tha  moat  fatigua  critical  ona,  i.a.  it  wlli  giva  tha  ahortaat  fatigue  llvaa. 

One  night  argua  that  tbia  apaciman  la  unraa iiaticly  aavara  bacauaa  in  tha  aircraft  atructura  tha  bending  la 
reduced  by  tha  aupport  of  other  atructura!  alanianca»  a.g.  atringara  or  riba.  Nevarthelaaa ,  tha  fatigue  data 
generated  ualng  the  lap  Jointa  ara  uaad  aa  ona  of  tha  axtrana  data  aata  In  between  which  a  daalgnar  Inter- 
polataa  to  obtain  fatigua  Ufa  aatimataa  for  hia  Joint  configuration.  Tha  US  lap  joint  apaciman  (figure  b) 
ia  a  atandaid  one  of  M1L-S7D-1]{2  (Method  13  Uacambar  1977). 

Tha  Ih  dogbona  apaciman  night  ba  conaldered  aa  a  etendard  ona  within  tha  ACARD  conunity:  it  la  uaad 
in  tha  corroeion  fatigue  taating  programnaa  CFLTP  (Corroalon  Fatigue  Cooparetlva  Taating  Frogranna)  and 
FALT  (Fatigue  in  Aircraft  Corroalon  Taating).  Tlia  apaciman  almulatea  the  load  tranafar  and  eacondary  band¬ 
ing  characterlet ica  of  runouta  of  atiffenara  attached  to  the  outer  akin,  and  waa  developed  by  tha  tabora- 
torlun  fClr  Batrlebafeatigkalt  (LBF)  In  Ueat  ^anuay.  Tha  dealgn  goala  ware  a  ioad  tranafar  of  4t)  X  and  a 
aaconJary  bending  ratio  of  0.30  (figure  11). 

However,  an  investigation  (reference  2)  auggeated  that  In  thla  type  of  apeclDan  the  load  tranaferrcd  waa 
unrepraeentativeiy  low  and  dependent  upon  tlte  type  of  fastener  inataiUd.  Further,  rafersnce  3  ahowa  a 
relatively  low  load  tranafar  and  indicates  a  featencr  fit  dependence. 

The  ccmpraaaion  limit  load  Is  about  -  10  VM,  I.a.  a  apeclman  without  ant l-buckling  guides  will  not  buckle 
whan  compreaalon  luada  do  not  excsad  -  lU  kN.  The  (hoited)  grips  snd  cia«plng-in  procadurs  are  wall 
documented  (reference  4  ). 

In  tha  UK  an  aitsrnatlve  specimen  was  designed  (reference  3)  thst  attempts  to  afiaviate  aoma  of  thm 
problems  asaorUted  with  e.g.  the  IS  dogbona  Joint. 

The  alternative  dealvn,  'ha  Q  Joint  (figui^!  10),  la  based  on  a  single  lap  jolot,  but  the  eddltloa  of  a 
further  load  carrying  member  controls  bend:ng  by  providing  extra  lateral  atlffness.  Furihef.  the  double 
shear  connection  at  tha  second  fastener  row  ensures  that  fatigue  failures  do  occur  at  the  slngU  shear 
connect  ion . 

The  advantage  over  ths  iS  dogbone  lies  in  the  fact  that  it  is  a  lOtl  I  load  transfer  Joint,  la  the  IS  dog- 
bone  the  load  can  by-paas  tha  fastener  la  a  clearance  roadition  before  ioad  Is  transferred  ia  bearing. 

In  the  Q  Joint  the  stlffet  double  shear  comectlon  might  be  expected  to  transfer  mote  load  than  tba  single 
shear  ro.#;  thus,  a  load  transfer  sumevhst  li'W'^r  than  5U  t  is  expected. 

Initial  testing  (refeienrs  3)  Suggested  that  the  bending  railit  Is  approximately  0.3;  this  ratio  may  de¬ 
crease  to  a  value  nearer  to  0.4  under  dynsmie  loading  conditions,  A  disadvantage  is  that  the  Q  Joint  is 
mure  complicated  and  thus  mure  expetisivs  th.tn  the  IS  dogbone. 

The  X  type  (figure  S)  is  a  Swedish  de<'elopme-ni .  It  is  a  two  tow  joint  because  a  known  lead  transfer. 
Independent  ot  the  type  of  fastener,  may  be  obtained  with  a  maximum  of  two  rows.  The  design  has  splice 
plate  areas  e^ual  to  the  base  plate  sress.  Implying  a  thaoretiral  30  %  lead  transfer  per  row  and  Indepea- 
dent  of  fastener  stlffeness.  the  splice  plate  eeatres  of  gravity  colaeide  with  the  base  plate  ceatte  of 
gravliy,  Implylag  ieto  gross  eicenrriclty  and  no  major  secondary  bending.  Compa'ed  to  other  splice  pUte 
coat Igurat Ions  (referencs  b)  the  X  type  had  the  must  uniform  load  transfer  distribution  over  the  faetsaers. 
Further,  the  splice  place  rCIHealng  effect  la  very  local. 

3.4.2  Cora  pfogfaimsc 

Frlmery  objective  of  the  core  pragrarme  was  to  evaluate  and  compare  different  designs  la  use  la  the 
parcicipaclag  Institutes  and  companUi.  to  obCsta  an  Impression  ui  the  Influence  of  bending  an  th#  fatigue 
life,  eo  railed  “double  shear  eifulValcftC  SfieCimaae**  wefe  derived  frum  Che  efngie  ehest  ones  (flguree  t.  ll, 
12)  In  which  tha  asynmeCrlc  eldr  sheet  of  the  slagls  sheaf  daiiga  was  replaced  by  fwn  ay^^trlcally  placed 
side  sheets  each  having  half  the  thiekneas  of  cbe  original  one.  The  double  showr  feature  escludes  see^dsrv 
heading,  ' 

however,  load  cransfet  might  net  have  beea  rompUteiy  Ideuilcal  la  the  two  de.lgas  becauae  sf  changed 
faetenct  tilt  end  bending  character ist las  end  the  prseanre  of  two  locatlums  of  fticclomal  load  transfer 
instead  of  one. 

Table  7,  which  reviews  the  core  progisiome.  wboWs  as  an  exnmpU,  the  IH  dogbane  epeclten  and  its  double 
shear  e<)ulvalent  design. 

All  spwclterns  la  the  cers  piogt^iiA.,  namely  all  single  and  double  sfear  designs,  were  mamuiactufed 
from  eae  itoterUl,  i.o.  the  5  m  chick  )03t>-t7b  core  progfSMie  matsrUl,  which  was  furnished  by  the  l*S. 
Surface  treatment,  laierfay  ssalaat,  load  levels  snd  load  Bpoctrum  were  specllled  (Annex  1),  Tw  fastener 
sysiema  Wet«  eelectsd  asd  Specified  (Annm  J|i 

a  Fastener  system  A:  a  counte.'Suuk  Itl-vok  imstclUd  witb  rlesrancs  fit  In  •  res^d  hale  (Fhfg-A). 

a  Fastener  system  I:  a  countersunk  Mi-Uk  Ustalled  with  iecerfsrenre  fit  la  a  cold  worked  aad  rea^d 
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boi«  (ftrs-i). 

A  (bird,  opclontl*  tyACctt  vtt  dtfln«d  b«ctuBfl  of  cottpltCont**;  tbi*  ft«t#n#r  oytctm  tUo  b*d  • 

count«r*lnk  Hl-Iuk  bgt  It  vt«  ln«t«ll«d  wlcb  hl(b  inttrftronct  In  •  r««Md  bol«. 

All  cor«  prograBvt  aptclniana  than  war®  fatlgu®  caatad  to  fallura  undar  FALSTAFF  /light  alwilatlon 
loading*  Aa  In  iba  otbar  prograaoiaa,  fit  and  aurfaca  rougboaaa  vara  aaaaurad  during  faatanar  Inatallatlon 
(Annaa  3).  In  addition  to  tha  fatlgua  caata*  ona  apatlaan  of  aaeh  coaiblnatlon  of  apaclMn  daaign  and 
faatanar  ayataa  waa  Inatruaantad  with  atraln  gaugas  to  Maaura  load  tranafar  and  aacondary  banding* 

3.5  Aaaaaa  to  all  datalla 

Tba  prograua  ovarvlaw  abowad  that  varloua  Joint  gaomatrlaa  wara  uaad  to  avaluata  dlffarant  natarlala* 
boltSi  faatanar  ayatatta»  ate. 

Tba  tablaa  rafar  tor 

a  figuraa  I•l2  for  apaclMn  configuration  datalla; 
a  cnbla  8  for  tba  rtacbanlcal  propertlaa  of  natarlala; 

a  tabla  9  for  tba  faying  aurfaca  traataant  datalla; 

a  tabla  10  for  tba  faatanar  ayatava. 

It  abouid  ba  notad  that  tba  praaantatlon  of  application  and  aanufaeturlng  Inatruetlona  la  beyond  tbu  acope 
of  tbia  rapori* 


4.  TEST  PROCEDURRS 

Tha  airaaa  lavala  ara  glvan  aa  groaa  araa  atreaai  ui.leaa  oiharwiaa  Indicated.  Culdelinoa  for  taatlng 
have  not  baan  given  alnea  the  Critically  Loadad  Hole  Tacbnology  prograoM  (reference  1)  ehewed  that: 
a  the  participating  laboratorloa  could  apply  epectrua  leeda  aat lafactarl ly; 

a  there  waa  tba  ability  to  genarate  conaUtant  data  In  cottplex  fatlgua  tearing  balween  the  partlclpenfa; 
a  all  tba  data  ganarated  at  different  laberelerlea  were  accepted  by  all  particlpanle. 

4.1  Hcaaurettant  of  load  tranafar  end  eecondary  bet..,.*\a 

Baeed  upon  tha  proreduree  of  the  LBF  (FRC)  and  upon  experience  of  SAAP-SCANU  and  FFA  (SW) .  kAE  (UK) 
end  the  KLH  (KLJ  etandard  procedure®  were  developed  (refereocaa  7,  E) ;  iheee  procedurae  are  olao  given  Ir. 
Annex  4 . 

E.ch  aha.T  jolm  u*.  l.aCruMnl.d  *llh  a  Urne  mimher  oj  atrulB  lo  delurjlm  tli«  I’mJ 

Cmaf.T  *nd  ..canitary  beisdlnl.  Lead  tranafar  waa  elan  awaanrad  un  tha  dauhla  ahair  a^utvalant  rpaclnalia 
af  tha  alagla  abaar  enra  prograaeia. 

4.1.1  Secondary  banding 

Secondery  hendlng  la  of  iatereei  ai  the  fetlgue  crllleel  croee  section.  I'euelly  o  crack  etarted  at  a 
hole  or  at  fbe  faying  aurfaca  cluec  to  e  hole.  The  location  of  crock  Inltlaeion  woe  not  acceeelhle  In  Mor 
caaee*  ao  a  nolghhourlHg  poaltion  waa  choean  for  the  Boeeuranoat .  The  conventloite  edti^ptod  by  tha  working 
group  are  given  le  flguro  13.  darfall  (reference  9)  ehowed  that  dloyloceaieni  of  rhe  atraln  gauge  hy  l/g  of 
a  faetoner  dlaaietar  In  rhe  troneverae  dlroctlon  changed  the  aecondary  hendlng  by  not  aoro  than  I  to  2  1;  ao 
the  accuracy  of  poaltlonlng  In  iraaefcr  direction  wae  not  tuo  critical,  poaltloning  In  the  aalel  direction 
re^ulrad  a  hlghe*  accuracy  elnco  the  atrcln  gradient  wao  very  eteopi  for  a  point  at  the  aoae  dtatonce  oa 
the  Ofpoelte  aide  of  .ne  fastener  rhe  oecondary  h«nd|ng  of  the  oase  order  of  aognlrude  but  ef  reverend 
elgn.  Jarfall  (reference  9)  confirihed  thle  uelng  ■eaauroAeaie  on  E  typo  Jolnte. 

4.1.j  hmd  tranafer 

By  deflaltlon  the  load  transfer  le  the  porrentoge  ol  the  total  load  tranefe'sed  ot  a  parcUuler  paint 
of  l^d  rranefar.  The  hy-*pase  load  (figure  IJ)  waa  thue  iiroiurod  aft  of  each  faetoner  row. 

XeaaurcMrnta  by  Erlkeaon  and  Kagnueeen  (refarence  Id)  ehowed  that  (he  errola  dlarrlbutlon  afr  of  rhe 
faeteaer  row  U  nor  unlforn;  therefore*  a  row  of  etraln  gauged  wae  bonded  to  allow  Integration  over  the 
tter^ei  width.  In  older  to  telolnlce  the  nunher  of  etraln  gauged,  a^folfi  gauged  were  btMided  only  at  naaina 
and  nlnlna  of  the  atrela  dietrlbut Ion, 

Futther.  the  gauged  were  Incnted  at  e<^ual  dUianeea  (In  the  load  direction)  fro*  point#  of  load  ironater. 
The  dlatanee  between  two  faereaef  rows  wae  uaually  «  faaieaef  dlanetefd;  thue  rhe  gauged  wore  bonded  at  2 
dloMter  aft  of  Che  iaerenar  row.  Alao  atraln  gauged  were  bonded  at  both  eldea  b/f  th«  ehcet  to  dereinine 
the  dalal  etfala  (figure  1))*  which  woe  uaed  for  the  detemlndt  ion  of  the  bypaad  load. 

4 ,  S  t  ^  f 

Indtvldonl  data  ihoeia  w«<e  cue^^lered  for  each  dpeclnetc 
a  the  Meaura^Bre  et  tit  end  aurtare  roughneee  wwie  recorded  on  the  date  aheet  (Annoa  1); 

a  an  eaenple  ef  rhe  teat  data  aheet.  orljlnetleg  fron  the  le  given  In  table  U; 

a  the  deto  eheel  for  reporting  the  lend  trenefer  end  aecondary  hendlBg  needof poientd*  «ee  Annea  4. 
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j.l  Th«  Mi>a«uvr«  «|>.rfruB  FAUTaFF 

Th*  •••■ndal  (>roparcl«i  say  1»  nuimuriacd  foUoWi! 

‘  'rnuh"'"""'*  ‘  ,..k.  .„d  cov.rla,  .  "block”  of 

ThU  block  •!»  confer.,  with  .v.r.t.  .orop.'r.  .nno.l  fl|ht.r  oi  1  ll.at Ion. 

.«r  co.b.,)  .nd  flUht.  with  only  U.ht  to  LZZl',  u!r«vC  “nTl*..":™*''*  “•*• 

*  Tt>«  toBplot.  FAtSTArr  ..^U.nc<  con.ui.  of  3396b  noDber.,  r.ngliit  fro.  I  to  32 

lnc;o;o7.  co.p"i:"p;;t^;  "■ 

vvmpivi*  r-iKinAPi  listing  of  tn«  progrsn  to  gtnerste  PALSTAPP. 
eorr^sjiond^  with  PAL5TAPF*i»v7rV"5*  ^  Arbitrary  Unit*.  Howtvmr .  “  wro"-*i  rea*  Uv^l 

frr  cent  of  the  Kl»hV«V  **"f«aa "co^^ainelri^  msUPP^^  Tlie' mT  spproalmately  B 

..  tk.  hUb..t  load  l.,.l  ,n  ,1,.  ./.ctro.,  ill  h^.  l'::'!.**  .r 

Th.  .t^d»d  load  ,c,..nc..  for  tr.n.port  Alrcr.ft  win.,  nilST  ,o.;  NrKr-Tw.cT 

For  .«:.nT,'o7:::  <7?p«rr:7iin«  '^• 

...  or.  .»fr..ir.d  non-dtuKn.lonally  by  dlvldln.  Tl,«  by  U'  ‘"FF"'*  '“■'C'loft  nhovn  In  ftfure  lb.  Str.i- 

. . - . .  -^^i.v;r“3vn;7:i:^r 

Icreht  flight*. 

ocenr^.':::  7.1:7  u';b;'rypl'7d^77c;?:7f  "r  .-vr <■"  — rt.  f. .r 

:Kc  ,«.d  ..,u.ncc  t.  cJplV.cd  by  d..,nlnVrh  “  '‘F»r«««l  >»  Ubl.  1-. 

«,w.nc.o.  iw.  w.h.n.biuV.'ri?pi7:::r:7r:.rA7; 

•  Tl..  Illtbt.  and  U.da  l.r  ..cb  jllahi  ai.  ..1,11.0  i„  , 

..»cr.  fll.M.  U  BOI  alJov.d.  ^  PF'f'd  In  .  rnndon  ..qu.nea  .«c.pt  iL,(  duat.rl.j 

i  Ttt*  ickad*  vlikib  cacti  llieht  ckr..  cAb.»1  i  j 

hai.-cycu  1.  t.i„..d  by  7.badv.'’7:tc;;i;;.7r:;t;:r7nrAd7.‘''‘^‘‘‘“  ^ 

7^Tr7.^Vn;7o.7?.;:l;t.l‘*'‘‘'‘■'““"^  "'*■  •"  ““  —  'ffc  ....rany 

tu^po^lrlon.  o,  tb.  ..y.r..,  ru,b..  1.  Tb-dt  A..:  1.3.  ,ry^  n,.  2.3.  ,.y,. 

t1«  hUt,..!  u.d  b.  ln.l.d.d  tn  .pc.,r«,  .w...  -n  ,  j 

appro.l.,...!,  ,0  p.,  AUcaf,  ui..  one.  :.r  Uisb,.  *° 

Ti>c  &at6  dltlcrer^Cc  beCkree*  tVlSt  «liel ...  .  . 

.,  ,0  . . ;;;::/"v^or,vi'.';v/,,'•“  ■-' 
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6.  METHODS  FOR  AKALtSING  THE  FRFS  FROCRAMME  DATA 


A  ttitiiticti  aMlyala  of  tha  FRFS  proRvaa 


v-ila  haa  ba#n  catrlad  out  by  Mt.  I,M.  Pottaf*  Air  FoTca 
Wright  A.roMUtlc.l  Ubotitorl.i,  Cytoo,  Ohio,  USA.  U  w,«  »ouMd  thit  aich  p.ttlclp*ot  of  tho  mS 
prosTono  would  uaa  adaquitt  atatlatlcal  mathodology  within  tha  portion  of  tha  prograoM  for  which  thay 

Tha  NotthwiAt  AnolytiMl  STATFAX  lOftwiri  vio  U8«<!  to  parfora  tha  atatlatlcal  analyMa.  Tha  analyala 
-athodology  oaad  waa  that  of  lulllpla  llnaai  ragcaaalon.  Thlt  oathodology 

vhara  that*  aalata  aora  than  ooa  coaponant  affactlng  tha  patfonaaoea  of  a  product.  In  tha  FRrS  progtamM 
tha  fatlgua  Ufa  la  a  product  of  aavaral  paraaatara  (a.g.  apaclaan  daalgn,  atrnaa,  faatanal  typo,  aat«  a  . 
Intarfaranca,  lotnrfay  traataant,  hola  quality)  uhoaa  Intatacllona  ara  not  apaelflcnlly  daflnad.  Tha  FRFS 
prograaaa  coapounda  tha  prohUa  by  adding  tha  varlablaa  of  dlffarlng  taat  organlaatlona  and  aanufacturlng 
prociiMo  to  roouit  In  a  final  raport  which  haa  nu»aroua  Inttlnalc  varlatlona. 

Hultlpla  llwr  ragraaalon  approachaa  aaauw  that  two  or  »ora  varlahiaa  ara  ralatad  to  aach  othar 
with  an  aquation  of  tha  foliD  glvan  In  aquation  A.K 


y  •  BO  +  II  •  XI  ♦  12  •  X2  ♦  B3  *  xa  + 
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vhara  Y  la  the  dependent  varlabla  and  tha  X'a  ara  tha  Independent  varlablaa  and  tha  B  a  are  tha  coaffl- 
cl->otr  which  ara  calculated  In  tha  raif.aalon  proceaa.  Tha  STATPAK  progra-a  “V". 
flcanc  Interaction  between  tha  Independent  varlablaa  —  -  - 


and  that  aach  variable  contrlbutaa  approxlmetaty 


equally  lu  tha  ragreaalon. 

Aa  a  coaplation  of  tha  atatlatlcal  analyatw  tha  following  correlatlona  wera 
a  open  hola  Jolnta  va  no  load  tranafar  Jointa; 
a  no  load  tranafer  jolnta  “a  lov  load  tranafar  jolnta; 
a  low  load  tranafar  jolnta  va  double  ahear  Jolnta; 
a  aecondary  bending  va  fatlguo  life; 
a  load  tranafar  va  fatlgua  life; 

a  fatigue  perforvanca  va  coat. 


eeda  graphically: 


7,  results  or  THE  FATIGUE  RATED  FASTEhER  SYSTEMS  TESTING  PROCRAMHE 


7.1  Presentation  of  fatltue  llfo  data 

Tti*  co«pl.«o  .at  at  f.tlgu.  llfi  «.ia  fur  the  FRFS  progroaaae  la  given  In  thn  tahla.  »-l  tu  b-2l  of 
Annex  b;  rh.  fr.aad  nuaibir.  an  rh«  lug  8«in  life  figuraa.  ,  .  ,  .,>,.1, 

Th.  fatlgua  life  d.t.  are  plnttad  'n  figure!  11  to  U  Inclualve  per  participant  and  teat  achedula. 

All  atreeaea  are  greaa  are,  atreaaia,  unleaa  etherulae  indicated. 

t.I  geaulta  of  tha  ■eaauteaienta  ef  aecnndarv  bending  ond  lead  tronafer 

Secondary  handing  and  load  tranafor  have  been  deternlned  on  roverae  double  iogbono  apecltwo.  rhe 
alngle  ahear  and  double  iheof  core  progrena*  apoclaena  uatng  aiandard  mat ruaentet ton  and  procodutaa.  Full 
detail,  of  the  ».«.reMnta  are  given  In  Annex  »,  uhleh  alee  pro.enta  the  a.condaty  bending  and  lead 
tranafor  aa  function  of  epplled  load.  Table  11  aoaaaarUcX  the  value,  of  aecondary  bending  and  load  tranafer 
at  the  fatigue  taat  atreaa  levala. 


The  lollpwlag  devLatloaa  froa  the  ataadord  prereduroa  ond  Inet ruaentot lot*  were  ebaerved: 
a  the  French  typa  D  double  ahear  Joint  had  broached  InBiead  of  rcaned  holes;  etnee  the  fit  woa  within 
the  apeetfied  tango,  rhla  should  not  lafluenee  tha  reaulta; 
a  the  US  type  lap  ielni  wee  not  Inatrunented  accerdlng  to  the  FRFS  roqulrcnenra:  the  aeeondory 
bonding  gauge,  were  located  too  fat  fro.  the  featoera.  Thar.foro.  a  bendlnj  value  ua.  rorerd.d  uhlch 
uaa  too  low.  Further,  contrary  to  tie  condition  du,  lag  the  fatigue  toatlng  tha  apeclnen  had  no 
banding  raatralnt  during  the  neaaur.»nta.  He  Leod  tranafer  gaugee  were  applied:  the  load  iranafer  le 
carluted  10  be  cloae  re  »  S  beeouae  the  apeclnco  la  a  two  row  Jelnt: 
a  rho  double  aheat  equivalent  dealge  of  type  C!  (USA)  had  aldo  aheeta  which  had  twice  the  ihlckneaa  ae 
waa  apeelfled.  Heraovei .  the  lood  tranafer  gauge,  were  bonded  only  at  the  local  Iona  giving  the  loweor 
respunee,  l.e.  directly  behind  th«  fsetener; 

e  ILq  ■urlece  ireatncni  of  the  Ftench  core  prugroue  epeelnwn  bed  only  vpo»y  p^iHt  mu  eurface  rre^tnent 
tnetee4  of  pri»er  *  o^telent: 

a  the  Swedish  X  Joint 0  wore  provided  with  ever4l.**d  heUe. 


?.2.i  levoreo  dnwhU  dei^botto  epeclncn 

Aa  an  addition  to  the  pregraaaac  France  Inarrtunent  id  and  le.ied  tevei.e  double  dogbane  apeelMsna.  one 
eol  keing  lande  of  20J*  and  one  0!  fdfj.  each  contami.lg  two  Hmloba  lumnied  wtrh  high  Interference  In 
reaned  holee.  gec.uae  chla  faeienet  eyeten  (end  In  peitleuUr  the  fit)  wera  net  rhe  eane  aa  rW  car. 
ptogtaaaK  feetener  ayatew  (FgFS-A  and  -i)  the  r.aelta  of  the  Koaerenenta  coonot  be  coaipared  directly  with 
ego  toaulla  el  the  cote  pregroMac  Maeurenentn.  Heveitheleea.  the  reaulta  ahow  Interecilng  irenda^  There  la 
a  Urge  difference  In  aecondary  bonding  ond  lead  tranafer  behaviour  kotweon  the  ItWl-  end  laji-elley 
opocmearn.  Secondary  bending  end  load  ircnefoi  are  higher  for  the  JOJA-olUy  eperiMol  the  aecondary 
Ponding  ratio  of  .2b  night  ho  conaldered  aa  e  vary  high  value  far  thla  Joint  type. 

It  la  noted  here  that  the  rlanplng  procedure  la  crucial  when  ualng  wedge  type  gripe;  e.pUratory  tear,  el 
pr.  ahowod  that  load  ciaactar  night  even  reveree  If  no  apeclal  prerauflooa  woie  taken.  It  la  eboenclcl  te 
prevent  lotarlve  amtlon  of  the  two  deghenae  ot  the  typical  end.  when  clanptng  In,  The  eoUilon  ua.d  at  Skg 
la  given  In  figure  42.  Canaary  need  c  pla  loaded  hole  aelutlesn.  figure  2h. 
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The  effect  of  applied  load  on  aacondary  bending  la  large  for  lap  Joint  type  apeclmen.  K  more  moderate 
effect  is  observed  on  the  Q  type,  Th^  saae  claaslf Ication  applies  to  the  effect  of  the  fastener  aysttm  on 
the  secondary  bending.  A  remarkably  low  bending  is  observed  at  the  FRFS-A  (clearance  fit)  IS  doghone 
apeclmen.  The  latter  type  ahowa  more  clearly  the  effect  of  the  fastener  system.  In  general  the  load  trans^ 
fer  la  leas  affected  by  the  applied  atresa.  Further,  the  influence  of  the  faataner  system  on  the  load 
transfer  variation  la  email  for  the  lap  Joint  and  14  dogbone,  and  very  amall  for  the  Q  type  Joint. 

No  secondary  bending  and  load  transfer  measurements  are  available  for  X  type  Joints  with  FRFS'-A  and  •‘B.  For 
reasons  mentioned  in  3.4.1  the  load  trsnsfer  la  50  I  and  Is  independent  of  the  fit.  The  secondary  bending 
ratio*  determined  in  another  programme,  is  about  D.BO. 


7.2,1  Core  rrogramme  double  shear  joints 


The  Cl  and  D  types  show  a  negligible  dependence  of  load  transfer  on  the  applied  atres*  level.  In  both 
types  the  flrat  fastener  row,  l.e.  Che  first  row  where  load  la  transferred  from  the  bpse  to  the  side  sheets, 
has  the  highest  load  transfer,  while  the  one  or  two  fastener  rows  in  the  middle  contribute  only  a  little  to 
the  load  transfer.  The  locations  of  highest  load  transfer  coirespond  with  the  failure  initiation  sites.  The 
change  from  a  clearance  fit  to  in  Interference  fit  results  in  an  Increase  in  end  row  load  transfer  and  a 
decrease  in  load  transfer  In  the  middle  fastener  row(s).  No  load  transfer  measuremente  were  mada  on  type 
Mp  end  The  last  la  a  two  row  Joint  l.e.  it  hea  e  load  transfer  of  50  Z  whilst  the  load  transfer  of 

Mp  la  eatlsuited  to  be  ebout  20  X, 


Heeaured  fit  and  surface  rouehness 


The  Cebles  that  present  Che  f*Clgue  life  data,  see  Annex  6,  give  cheracr^rlstlc  values  of  applied  fit, 
either  as  an  average  velue  or  aa  a  range.  The  programme  called  for  the  meeau  ement  of  fit  and  hole  au>'.ace 
roughneaa.  Some  participants  limited  their  efforts  to  the  measurement  of  the  diameter  of  a  aample  of  the 
fastenere  and  holes.  The  participants  will  report  in  detail  on  the  mcasurementa  made.  Hole  surfaces  rough¬ 
ness  measurement n  were  only  made  by  two  pa.tlclpanti  and  are  therefore  not  presented. 


Coet  of  fastener  eyatema 


The  cost  of  fastener  eysC<»ma  consist  a  of: 
e  equlptsent  and  tcola; 

a  purchase  coat*  which  depends  on  fastener  type,  faetener  material  and  number  of  fastenera  ordered; 

•  preparation  of  tooling,  eealani  etc.: 

a  Insiallat Ion: 

-  poaitlonlng  of  tool 

-  predrill 

-  clamp 

-  drill 

-  deburr 

inspection  of  hole 

>  application  of  eealanc/primer  In  hole 
Installation  of  fastener 

-  Inapection  uf  fastener. 


Table  14  reviews  available  Information;  cost  s re  iranaposed  Into  US  dollars.  The  purchase  coa.  per 
fastener  drop  sharply  when  the  number  of  purchased  pieces  increases;  for  susie  fastener  systems  this  is 
illustrated  in  figure  44.  The  relative  cost  uf  fastener  systems  can  be  lomparad  using  table  15.  A  compre¬ 
hensive  cost  comparison  can  not  be  made  because  the  total  expensea  should  Include  not  only  the  total  dlrevr 
costs  aucn  ae  fastener  purchase  cost  and  manhours  fur  installation*  but  also  writing  off  of  equipment*  cost 
of  tooling*  manhours  for  preparation,  ate.  The  latter  three  cost  elements  ran  not  be  given  as  cost  per 
fastener  installation  because  the  information  necessary  for  this  depends  on  the  number  of  fasteners  per 
component*  total  n>imber  of  c»>Bponen»S  etc.  Fur  Illustration  flgurea  4S-4t)  detail  rhe  cotitributlon  of  st.me 
cost  elements  that  contribute  to  the  total  InstsLlatlun  espenses.  Kvaluatlon  uf  the  costa  of  different 
fastener  systems  is  very  tllffi* 

First,  the  participants*  dat  n  the  s^mc  rsstsncr  aysisa  deviate  widely,  as  Itluatrsced  by  the 
system  data.  HeVettheless.  inis  la  the  most  time  consuming  fastener  system.  Succisl  precautions  should  be 
taken  (o  ensure  chat  the  nvtwiture  Is  securely  clamped  together.  Checking  the  hole  for  besrlug  ares  Is  a 
time  consuming  but  easential  operation.  All  operailons  must  be  closely  controlled  and  carried  out  by 
skilled  personnel.  The  cost  of  this  tapere,^  fasteiisr  is  high,  but  the  Cust  ul  equipment  and  tools  does  nut 
iXCeed  (list  ot  Standard  fasteners.  These  costs  are  high  for  the  equipment  for  cold  work  piocesses  v(  which 
the  Sp*  I  sleeve  Is  the  most  time  ernsumisig.  This  is  caused  by  the  need  to  remove  the  sleeve  and  ream  to 
sice.  It  Is  noted  that  reaming  and  countersinking  after  the  actual  vuU  work  process  is  not  necessary  any 
more  In  a  new  version  of  this  cold  work  sysiem. 


£.5^  i.uca*  Ions  of  *»rlmsr»  faticue  ctark  origin* 


The  prugraste  description  required  the  evaluation  uf  fatigue  lives  Ir  terms  uf  fatigue  crack  lnUla*< 
tiiw  eite«.  Halfway  through  the  programme  all  participants  were  requested  to  send  fraciured  apeclmen  halves 
to  the  SLR.  It  was  'he  intention  to  examine  and  lu  determine  the  tatigue  crack  origins  at  a  single  source 
followed  by  the  clsselt  lest  Ion  of  the  crack  urigliis.  However*  this  goal  could  nut  be  achieved  up  tu  the 
moment  the  report  was  written.  Fortunately,  some  participants  Identltied  and  reported  the  primary  fatigue 
crack  origins  themselves. 
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8.  COHRELAIION  ANALYSIS 

8<  I  Correlation  of  fatigue  llvea  o£  opan  holt  guaclmn  and  no  load  transfer  jolnta 

Figure  17  preaenta  the  open  hole  speclnen  and  NLT  Joint  fatigue  life  data  for  the  2024  and  7010 
elloya.  Both  apeclnen  typea  do  not  and  up  with  the  same  fatigue  llvee;  the  NLT  Joint  gives  the  longer 
Uvea,  except  for  tha  7010  alloy  in  the  lower  atreaa  level  region.  Further,  the  7010  and  2024  alloy  reaulta, 
for  each  apeclnen  type,  are  relatively  close,  but  again  with  above  exception. 

The  reaulta  ahow  that  the  presence  of  a  tranaltlon  fit  fastener  tanda  to  give  better  fetlgus  Uvea  compared 
CO  the  opan  hole  situation. 

8.2  Correlation  of  fatigue  llvaa  of__ng_  load  and  low  load  transfer  Jolnta 

Fatigue  tast  data  of  both  dselgna  are  available  only  for  2024  and  7030  apaclmena  having  an  Interfere 
ence  fit  Lockbolt  faataner  eyatam  (figure  47).  The  7050  reaulta  are  very  prooilalng;  the  rlope  la  the  aama 
for  both  deslgne,  while  tha  low  load  transfer  Joints  have  a  aomavhet  shorter  fatigue  life.  Tha  livaa  of  the 
2024  alloy  apeclnen  taated  at  the  unreellstlcly  hlgheat  atreaa  level  are  abort.  At  the  lov^r  atreaa  levels 
the  slope  la  never  the  aane  for  tha  two  Joints.  But  the  general  picture  la,  for  both  msterlala,  chat  there 
le  no  algnlflcant  difference  In  trends  between  the  no  load  transfer  and  low  load  transfer  Jolnta.  the 
atatlatlcel  anelyala  Indlcatee  that  a  poaalblllty  exlata  that  the  no  load  transfer  spcclnens  could  be 
substituted  for  the  low  load  trsnefer  Joints  to  evsluste  fastener  syatene.  The  likelihood  of  the  same 
faetener  rating  being  obaarved  In  both  specimen  deelgne  cannot  be  conaldared  on  the  basis  of  the  present 
reaulta.  It  can  only  be  concluded  that  the  reaulta  point  towards  alnllar  trends  of  the  effect  of  stress 
level  on  the  fatigue  life. 

8.3  Low  load  transfer  Jolnta  fatigue  Ufa  analyaia  reaulta 

Tha  statistical  analysis  was  limited  to  those  specimens  where  tha  holes  were  not  cold  worked  prior  to 
fastener  InaCallatlon.  A  cold  working  Independent  variable  would  be  poaalblc  but  the  data  packagae  received 
did  not  contain  the  cold  hole  expenalon  neeaurementa. 


The  dat'a  were  analyaed  with  the  only  verlablaa  which  had  apeclflc  quantification  aeaoclated  with  then; 
they  ware  (1)  fatlgua  life,  (2)  applied  etreaa  and  (3)  fastener  interference.  The  effect  o*  raamlng  con- 
pared  with  drilling  of  the  featener  hole  waa  analyaeJ  s  .parately  In  tha  c^ae  of  Che  7000  -  lea  aluminium 
apeclmcna.  Tha  fastener  Interference  wae  given  ea  a  poelclve  nunbar  If  thcra  waa  Interferanca  between  Che 
pin  and  Che  hole;  If  there  waa  clearance  the  Incerfarenca  waa  aseuned  to  be  taro  for  purpoaea  of  this 
analyaee.  In  thoae  catea  whare  a  range  of  Interferencea  wao  apeclfted,  the  mean  of  the  rtnga  waa  aaauned. 
All  material  tasults  were  conaldered  aa  a  part  of  althar  a  2000  or  a  7000  aarlaa  alunlnluu  pool. 

Tha  mulclpla  linear  regreaalon  analyaia  reaulta  ata  given  In  equations  8.1  an^  8.2  for  tha  revaree 
double  dogbone  7000  and  2000  terlea  aluminium  alloy  epeclmeaa.  raapact Ively. 

N  •  10  A  <3.734  -  (O.0O6l27)*3tre8a  +  (0.00364)*Interference)  (8.1) 

N  -  10  A  <7.0-;3  -  (O.OI3322)*Streas  +  (0.02210)Mnterfarenc«)  (9.7) 

where 


N  *  fatigue  life  In  fllghta  (lALSTAFF) 

Stress  •  maalmun  apace  rum  etreaa.  1  Fa 

Interference  •  difference  betweea  faatanc.  and  hule  alst,  i<m 

Tha  equatloiie  make  aenae  In  that  che  higher  the  streae,  the  ehurter  the  fatigue  life  and  the  higher 
Che  Incerfereace  the  longer  the  Ufa,  as  auiiy  InveaC  igst  lone  have  eosflrmed  quel  lest  Ivaly.  Tha  equations 
In  icactf  that,  far  the  range  of  data  Inveeclgated,  Che  7000  eerlea  alloya  have  a  loager  fedgue  life  and 
h^ve  a  steeper  alupe  relative  to  che  effect  of  etreea  thaa  the  2000  aerlea  aluminium.  AC  tero  laterferaaca 
the  croaeovar  wliere  the  7000  aarlee  becum^s  ahortar  lived  le  at  e  atreaj  af  180.9  HFa  sad  a  life  af  422S0 
illghta. 

A  review  cf  Che  data  Indicates  an  Istereetlng  trend  In  the  effect  of  latarferanca  os  fatigue  perfurm- 

ance.  The  ceeff Icianca  of  the  2000  aerlea  data  are  a  factor  of  elx  greater  chan  choee  of  7000  materials.  It 
may  ba  am  uafalr  comparlaue  alere  the  majority  ef  the  2000  coupoea  were  manufactured  wlchla  the  laage  uf  13 
to  40  ,.m  Interferance  with  only  the  USA  apecimena  at  tero  cUaranea  (prior  tu  rlvettlmg)  far  two  typea  of 
aluminium  rlvrte  which  a.*e  chemselvea  not  cor^tldered  to  be  high-performance,  fadaua  rated  faetaeera.  Ttie 
effect  of  lacerferenee  calculated  bare  Is  gr->ealy  overetated  for  the  2000  aeriee  aluminium  coupona.  Tha 
7000  aerlea  data  are  considered  to  he  murd  typical  uf  Incarfarenca  fit  fastened  low  load  trasefer  speclMne. 
The  1000  aerlee  data  Udlcate  chat  letarfereuca  between  fastener  aad  hole  reeult  la  a  laetor  of  approsl- 
maiely  30  percent  Increaee  In  fsdgue  life  for  30  (0.002  Inchee)  bole  iniarferenre. 

The  analyses  fit  the  data  as  cae  be  Seen  In  figures  48  and  49  fer  the  7000  asd  2000  aerlea  aluminium 
alley  maietlala,  reapertlvely.  In  the  7000  aerlaa  data,  Clui  multiple  linear  ragreaaluo  curve  at  taro  Inter* 
lereace  appears  to  fall  In  the  middle  uf  the  data  whereas  the  2000  aerlaa  regression  line  la  at  che  lower 
limit  ef  che  data.  The  2000  aedee  regression  Hue  appeare  to  go  through  Che  middle  of  the  t*SA  dsta  which 
had  aqueeted  rivet#  laatalled.  Ae  dlacuened  la  the  pravleue  paragraph,  tha  USA  data  were  used  es  tero 
clesrance  data  In  the  analyaia;  It  le  noted  Chat  some  Intarfereaea  will  be  present  after  rivet  Inetalls* 
tlon. 


Since  the  other  data  are  elgai f Uaei ly  offset  to  che  right  of  che  USA  data,  (he  regreealoo  Indicated 
a  strong  effect  of  lecerference  on  fatigue  life  for  the  2000  ewrlee  epe< Imene.  Tha  7000  aerlea  data  hae  a 
•eich  smaller  co«ffld«at  of  lnterferet.ee. 
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Erv,.?". •.■■‘.’■v,,- . .  ••  »■ 

problao  of  calculating  whnra  a  parautar  has  no  ousntltativ.  i  hi  lll“strataa  ana  way  to  avoid  tha 

Indapandant  valua  T  wss  a..lgnad“o"ho.«  apaclman.  with  It.  In  this  ca.a,  tha 

wara  drilled.  In  ordar  to  aqultably  coopleta  this  analvsla  thl'pr'^**!!*'^  *”1 

holas  «are  tamovad  fro®  thn  data  ant.  The  ra.ult  la  given  In  aquation:  >>ro.chad 


N  -  10  A  (3.5974  -  (O.00575)*Straaa  +  (0. 00380)*Intarfa„nca  -  (0.000812)*Ra.«) 


(8.3) 


This  equation  la  sonawhat  dlffnrant  from  that  nf  vn  a  1  i  v 

but  also  becauaa  tan  (10)  spaclmana  wars  ranovad  fVo«  tha  dat”a" “**  h”  haa  baan  addad 

Notn  that  tha  coafflclnnts  of  tha  naan,  ntrns-  and  Intarfaranr  apnclmans  vara  dalatnd. 

fro®  thoan  givan  In  Eq.  8.1.  Tha  coafflcUnt  ^o  tha  "Ra«“  larisbU  t  “““  ''T*"'  P*"*"* 

varlabln  Is  U»lt.d  invulua  to  althar  '0*  or  th.  affnet  on  Ih  S'»«  th* 

clant.  A  typical  affaef  of  tha  'W  varlabla  would  bn  to  nW  .h  ^ 

Thl§  «nalytlc«l  result  should  not  bs  Cskan  h*  •  r  j  ?*  f«tigus  life  less  then  ons  per  cant, 

la  of  Importanca  In  uklng  a  preclaa  hola  In  which  a*'f^ro*^*°"  'h  raaHlng,  though.  Raaslng 

Thua.  tha  nffact  of  rnaolng  may  al.asdy  ba  Includnd  In  th  ‘  "  ,  T  ‘''■“H*-'  «  •  known  Int.rfaranca: 

"Intatfarnnca".  *  ^  '^*  ‘"'In'*"-*  1"  'ha  analysis  In  another  Indapandant  varlabla  such  *, 

and  tha  Na'hnrWa'drutirLvgln^drVlu? holla  «*®p«"d'^t  “‘'h  Oockbolt  fsatanars 

wara  not  forth..  Inva.tlg.tad  using  tha  oulUnla™?«I^  r  "“"'"P*”'-  Th...  data 

hola  quality  paramatara.  "uitipia  llnaar  regression  since  them  wae  no  way  to  quantify  the 

In  figure  49,  the  Italian  teat  apecloana  et  2fl0  MPa  ar*na^  n  ►  i. 

alunlnluB  specimens.  Hare,  again.  tl«  French  broached  hole  ^  T  ’^”1“  remainder  of  tho  2000  anrlas 
pool,  fetlgua  Ufa  deta.  Tha  OSA  alumlni:m"ri:irars;c^:::na‘^"\r\t^7. 

(.pacr^rd^Xanl’TsVt  3'::i:^cZVnr  P-n^r “^o^  ‘'tTs  '’;rig'^‘~"  ?  •"  'he 

doubln  dogbane  apaclmens.  The  sreatast  aucre.-  l  !  .  performanca  of  the  ACARD  rsverae 

ca.lv.ly  deflnad  so  tha.  Its  Impact  on  fatigue  plirfo^'csn  be”  0?!':"“;.'" 

whi.ar"o"VnVc’’r‘.:.i:rYaXn":r.re'‘a?^^^^^  ‘he  affect  of  Interference. 

‘‘h«‘  .oa...r.:-c‘crtrifi;  ::t“;git.bur;: 

the  sIr..a‘;!uia!lL*llr.L  ‘t h"  f'et^.n'er  ho ll!^Vg““  wa\het‘‘’a' 

etreaa  while  l.ncreaalng  the  maximum  one  The  datei-.fn^.i  e  k  'h®  elternetlng  component  of  the 

increase  f.t  ,.00  .Ldlu.  .0  a  high  iJH:  with  iao'nl  “'“‘r  difficult.  The 

An  Interfatence  uf  one  per  cent  of  the  fastener  dlsoeter  ^"in  thf  *  “"derate  Improvement  In  life, 

value  (reference  13).  No  algnlflcsn.  dlff’™  1,  mrire  oh  TV  '-'““'««d  a.  an  optimum 

:rtt'r“;jd'h:t::.''''  ---  :rn^:rh:^:: 

by  «“hI::quX‘^^VuTu^^Ta'Vl.?rlc;"^  -*d  working  1.  apnlled 

FAUSTiF"VBd‘'NfNI-n-lST“lU  1wd“r“ow!ver ‘‘^•at7.'rr,“'l‘  '"'T  “““ 

the  Keiherlands).  •  1'  larger  under  MINI-TUIST  111  loading  (France. 

tills  I.  I«r.  pronounced  fur  the  2U.t4  rUel.''‘thirf ir'r'r  1010“. l“X"  “‘l"«®'"d  ones. 

The  numerous  feoteaer  systems  evatus.ed  la  ,he  «  ere  discussed  In  d.tall  In  b.v. 


J^omforlso.  uj  UK  and  AOAkC  low  lusd  ttan.te.  1.,.k.  a.., 


tht  t«llgu«  tKSt  r«au)t«  10*  thv  li>tt  libidl  lr«nmr  m  a  a 

shown  in  figure  28  along  with  ihe  result,  of  th  atendard  specimen  sfe  given  in  Annex  g  .nd  are 

very  sl.lUr  It  should  be  noted  that  ihi  lit.  i,»,o««!^,  d*""*"™!'  lU  re.ults  er. 

tbau  in  the  «  )ul...  the  l-.ey  dlffLtl':  lir.wrern.s  of  Ol.TrW^'in  ‘'V'"  J-*”' 

tbji  .be  compt.e.lon  region  around  a  cold  e.pend.d  hoi.  extend.  to‘  .is  Indicate 

diameter  in  la.g.  plates.  Since  the  fK  design  LIT  «,clJo!  h  „  i  f  "PP'"*!""  *7  that  ol  the  hole 
that  a.  high  an  waount  uf  cold  wo.king  could  not  h.  t  .  ^  1<  1®  poaalbl. 

here.  1.  nutlc.ble  fro.  the  I* 'rac"u,n«fac  .  f ^  >>b®d  r.aultlng  ,n  th.  low.,  <.,1^0.  life 
«BI  failure  modea;  the  L9L  Joint  tailing  ftum  a  f  re' tTaa'^orlTln worked  apecimena  have  differ- 
^  )-lm.  fall.  fro.  urlgln.  a.  the  Lr."  .L  Uu  ^.0^1^’  "*  ‘“w 

alteced  b,  cold  working.  .l„co  the  failure  or.gi„‘  irt-ve'd' 
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I 


bgn^s  bay  overlap  (partly).  The  Dutch  r»ftMir«  C7%  t.  .u  jw*nv»  v<igurea  )i-ppj,but  acatter- 

h».  b.tter  l.tlgu.  char«e,rl.ilc7th«  th^  J  <  *  "”"*“■>=  'h*  low  load  iraoal.r  Joint 

daalgn.  la  co,H>;r.d!  '*>•  »>«'««  »tln*  In  both 

ir  ,rS“  is 

why  the  Huckcrlmp  fall#  to  Increaae  the  fetisua  Ufa  fvar  tha^H<  V  l*  enhancement  ayatemi.  The  reason 
Ing  ha.  little  effect  In  low  load  tranafer  r 

»:s:urloi;o:7lVhV;^^ilE^:EV'^^ 

.t.ti.1  la  i.tg..*tha  intatiot.!:^.  Vir-tVatL*' itt'^AV.:’ Vii^  -ui:g^;n'“:'d"..'a;“r;b/"ot.it":; 

t«d,^^^“;^rVc;^'•ol‘th‘  *"■’  atroaa  Hold  al.o 

Douhlt  ahear  lolnta  latlgoo  lUt  analval.  r..i.lt. 

8»h.l  yartlcjpanta  pfoaf«»wM*a 

have  n^wJy\5«tvilaVt^^ier1or^  1^;,  X"  hTg^l^TN^  '!"*  7” 

alloy  .aria,  waa  alao  found  1,  th.  low  lo*J  trana'ar  Joints  progla*.*""  ‘h.  two  alunlnlun 

.how  that  told  WO.V.  m  conMnatlon  with  cU.*  "  f?*  “'’f*  '  '"’•  «“» 

«««pt  at  tha  hlth.lt  atra.o  Uv^  To  .  Ki.V  h"  '  ,  ’  “  ">  *  Inierfet.nt.  fit  and, 

(apllt  aUcv.)  cold  wofk  ra.ulta  fall  at  both*^.tr!l  *1*^*1"  r.auli.  ahow  that  tha 

anc.  ayataa  <il-tl,u.  and  T.p.Vlol,  ^  Vuch  a^  '*'*  »' 

acattar  benda  prevent,  the  maLlne  of  a  atraleht  forwiirdi  #•..*»  overlap.  Thia  overlapping  of  the 

NevarthaUaa,  tha  0)C  re.ult.  furthar  aiaitett  that  r.rr.l  !» ''»n'‘ln£  of  tha  faacancr  ayatana. 
lion  with  a  aadlun  to  tilth  Intcrfar.nca,  at  with  the  Huck-^L  '  .//hr  "h"^***  1"  a<»>d>tna- 

ilea.  Koioworthy  la  the  affaci  of  cUaiolna  la  ft.  n  g”®**  fatltue  charactarla- 

coap.rad  to  t.»  Itl-lok  a,..*.,  c4ir7br.\rth  tho.^^^  r*"'  a. 

high  Intcrfcraace  eyatama.  One  profalan  mlwhr  bt.  rh  'he  Acrea  cold  work  and  Hl>tlgue 

yacau.  une  propiam  might  ba  the  relaxation  of  clampint  during  the  life. 

.  3  '^urc  propramaie 

in.wrur:^.:?',!:’ tpl7it;?o"‘«;s!rroui  it  “•* 

turn.  tlva.  .Unifies, .ly  lon/ar  '-‘g*'  incrfer.nc.  ay.t...  In  Ita 

vork  aaad  to  ba  cooblnad  “'with  Ldlu.  to  iT/h  TTTl 

The  curreUcfoti  wltn  tha  Load  tranater  values  will  be  made  ia  3.7.^. 


doubir'ib!iMou;r?;rr,:%:c::.:“h:"u::n;i:‘t::^^^  it^  tt  *• 

the  Jftib!;.  the  alagle  shear  faatener.  itlt  In  clearance  fit  hoi"!!*  tb '*  ■"«*»  J*'  'tw  outar  Surface  of 

in  doubU  abaar  Joint..  Thl.  factor,  tot^^r  flct  thaV  ait,.  n  *  «  T“" 

surface  for  load  tranafer  by  frictional  furcci  alau  c^kte..  l/r/'  shear  Jolnia  have  only  nee  mating 

double  ahear  Joleta.  *  Iffareacea  it  load  transfer  between  single  and 

th.  .I2'*i;pru:i::  ‘ir.'t:t‘;^‘.rri:ii!:u!i‘’^t.'ruL^r  r  p>‘>u 

tha.  th.  fOfl  olio,  apocl....  ..4  th.  HfJ  .nuy' tlw.. ‘ahottor  ‘“.'.‘''tlL: ‘all?, 

thlck™n\\‘^‘^^AV:uVVi  7p^  “ig'-P®  >')  Ifca.  la  th. 

I0.U  rlva.;  .hU^.  atminria:  .“:%:li:rr  ;  ta  *“*  - 

l.tltu.  Characiet^tu.  aa  tha  atandacd  couat.r.unk  Vty.t  w^i  th.  ^o/i  'a  f. 

(n.u::%.r..:::“ti;‘diTf.v«c:7;rirtit:!  m.‘iL*:v;d“iViVdo‘;bi>‘^ 

thaa.  f..i.oar  ay.t,..  f.u  la  th.  .raitarhaad  of  a  ‘PaPl-a.  Naraovar.  th.  ra.uli.  of 

..rant  f..t«.ar  .y.t.„  ,..4  .o  tlva  co.para.1.  Uva.  7a  iC  do.'lVVpJc'.V^t.!''' 


8»7.2  Core  prograpipt 

A«  pointed  out  in  3.6.2  bU  specimerB,  i.n.  bU  Blngle  shcir  and  their  double  shear  equivalent  de- 
signe,  were  icanufectured  from  one  toaterlal  and  provided  with  one  type  of  Burface  treatment.  One  half  of 
the  epeclacna  were  inatelled  with  faetener  ayaten  A  (rRFS-A),  which  has  a  rounteraunV  Hi-lok  installed 
with  rlearence  fit  in  s  reamed  hole.  The  other  half  was  instellad  with  FRFS-B:  a  countersunk  Hi-lok  In¬ 
stalled  with  Interferenre  fit  in  a  split  aUeve  cold  worked  ano  reamed  hole. 

This  aerclon  enalyaea  the  rasulte  from  this  and  the  double  shear  rore  programma. 

The  multiple  linear  regmealcn  analyeie  wes  performad  on  the  aingU  shear  cats,  except  for  the  X  joint 
date*  The  equation  which  beat  fits  the  data  is  given  as? 

N  ••  10  A  (3,876  -  (0.00650?)  *  atreas  -  (0.00996)*  secondary  bending 

+  (0.009876)  *  load  transfer.  (g 

The  roafflclents  of  the  aecondery  banding  end  load  transfer  are  approximately  0.01,  Indicating  thee  a 
100  perrent  value  of  either  acrondary  bending  or  load  transfer  will  result  In  a  change  In  life  of  a  factor 
near  ten.  According  to  this  equation,  aerondary  bending  results  in  a  decrease  In  life  and  load  transfer 
results  in  an  Increase.  It  is  noted  tliat  the  analysis  treats  the  serondary  bending  and  load  transfer  as 
independent  variables,  but  they  are  not  in  actual  Joints. 

It  was  thought  that  it  may  be  poaaibla  to  auperinpoae  the  secondary  bending  acreaa  onto  the  applied  stress. 
This  was  done  for  the  single  shear  apecimena  by  multiplying  the  applied  slreaa  by  a  factor  of  (I  +  aecond- 
ary  bending/lOO).  The  rraultant  reletlonahlp  ia: 

N  “  10  A  (5,3822  -  (0.001699)  •  (alreaa  *  (1  +  secondary  bending/ 100) )  + 

(0.002200)  *  Load  tranafer)  (8.5) 

Thla  ataclatlral  rorrelstion  reaultad  In  approximately  the  same  coefficient  of  rorrelatlon  aa  tli;t  of 
aq.  B.6  but  the  load  tranafer  roefflrient  is  nlgnif icantly  lower.  Apparently  the  exnanaion  of  the  atresa 
scale  with  the  addition  of  the  secondary  bending  lets  the  toad  transfer  taka  on  a  different  level  of  Im- 
portanre  within  the  multiple  linear  regreaelon.  The  degree  of  correlation  In  the  equation  Indicates  chat 
secondary  bending  la  a  primary  component  in  the  fatigue  behaviour  of  single  shear  eparimena. 

Figure  58  preaenta  the 'fatigue  teat  results  of  the  rora  programma  single  shear,  double  shear  equi¬ 
valent  and  double  shear  dsalgna.  Thia  figure  also  givea  •  regression  lina  using  equation  8.6.  as  an 
exampla. 

Tha  dlfferencas  in  life  for  single  shear  apecimena  with  FgrS-A  and  with  FkKS-B  are  email;  in  general, 
^f^wj**'^**  Imprevemeni  In  life.  There  are  three  exceptions;  the  X  Joint,  -where  there  la  a 
algnUlrnnt  difference  between  the  latigue  llvaa  obtained  with  turS-K  and  fUrS-g  (iba  PgFS-A  aeries  had 
nllghtly  oversUad  holes,  the  FSFS-B  series  had  very  nurh  overslrad  holea  resulting  In  an  average  of  9  pm 
claarsnre  Instead  af  25  Interference),  the  g  Joint,  where  there  la  no  significant  difference  between  the 
two  faa.ener  eyatema,  thus  Illustrating  chat  tba  Inrieaae  in  banding  when  going  frum  FKFS-A  to  FKFS-B  is  In 
belenre  vlth  tha  dacreaee  in  load  transfer  liable  13)  and  the  C2  lap  Joint  where  the  deviating  carralatlon 
between  fatigue  life  and  stress  level  might  be  influenced  by  tbe  bending  restraint,  preventing  roiatlaa  and 
thus  high  aerondary  bending  of  the  specimen  at  low  leads  and  allowing  relation  and  thur  blgh  aecandarv 
bending  (Sg»l  OO)  at  the  high  straaa  level.  Tha  bending  rcatralnt  waa  nut  used  during  the  secondary 
bending  and  lead  tranafer  measurement  a.  Consequently,  the  eereadary  bonding  value  abould  not  be  used  la  the 
evaluation  of  the  fatigue  test  results. 

Th.  .ull  dlff.reiu..  in  l.it.ut  live  und.r  mfS-A  and  -»  .llov  .  roatilned  olot  «f  fsiUu.  Ule 
ve„u.  I,  U  »d.  <fl,ur.  it).  Kxrludin,  C2  Up  J.-Ui  r«ult.  Ur  r.A.u..  wbiUbU 
prevlw.ly,  a  rorreUlUo  1.  found  kelween  aecuadary  bendln,.  f.ll.ur  Ilf,  and  alre.ri  lev.l;  utwn  lnrrea»> 
inn  the  airoaa  level  a  reduttlon  In  Ilf*  la  feuial.  bui  ilil.  redueiUn  In  life  beeut^a  wre  proaouneea  with 
Ineieaaln,  aer.ndary  bending.  In  conrlualon.  the  beneficial  effect  of  fallgj.  rated  faalener  eytlema  U 
overahadowed  by  eecondary  bending  of  alngU  ehear  Joint*.  Load  tranafer  play,  a  eecondary  r81e  In  thU 


the  double  abear  cafe  pr.graiaM  teaulta  (figure  W)  .how.  contrary  tJ  the  alngle  .hear  de.lgne.  a 
Urge  life  Inprovebint  when  applying  fgrs-g.  It  U  noted  that  the  r.eulla  of  tbe  IS  dogbone  double  ahear 
aperliwn.  with  ttrS-g  are  aa  undereal  luta  .lace  two  teat,  wele  .lopped  at  about  IDU.OOO  fllghto  and  a 
third  tsat  was  aioppcd  due  (u  test  mdchina  malfunci lontng. 

Tnla  prugrai..  part  aUo  ahuw.  ilu.i  the  .tale.»ni  "the  higher  th.  load  tranaf.t.  the  ahurter  the  Utlgoe 
life  could  aot  b.  conflt«-d  for  all  JoUte.  It  night  b.  that  .n.11  difference*  In  the  lit  dUtucb  the 
rating  u|  Joints  un  ih«  basts  of  load  transfer. 

CoatparUon  at  the  fatigue  Uvea  uf  alngle  .hear  apeclKtne  and  the'.r  double  eheai  e.ulvaUai  deaUne 
U  enly  poaaibu  with  the  type  C  Up  Jalni  .ad  the  IS  dogbone  apcrltiet  .  The  flr.t  type  ha.  web  aboiier 
live,  for  the  alngle  .hear  de.lg..  It  1.  not.d  that  the  ttn-a  double  .hear  agulvaUni  aperlwo  haa  a  lower 
load  tranafer  than  lia  alngle  ahear  counlerpori .  The  double  .bear  egulv-lent  dealga  of  tbe  IS  daabone  haa 
longer  live*  only  for  ThgtS^g.  faeiener  ayaiea  A  In  the  double  abear  equivalent  deatgn  ehoee  a  auwwhai 
aulUr  fatigue  Ufa  than  the  IS  dogbone  teaulta;  tbu  la  caueed  by  tbe  tnrreaa.  la  load  tranafer  In  rua- 
blnntUn  with  a  wderaia  faaienei  ayaie.  quality  when  thonging  fruai  a  alngla  abear  to  a  double  .hear  tolnt. 
It  U  noted  that  the  Tretcb  core  pregreaaae  aperlwna  had  only  epoay  palai  aa  laierUy  aurfare  ireaiwu. 

*♦6  CsTrslstlon  of  fstlgus  llvaa  and  cost  of  faat»n*f  aystrms 

acnon'"^  ««ao«a  weailonod  la  J.i  oaly  the  Intel  diioct  coeia.  l.a.  he  fa.teaer  pur.hoe.  coat  (beeed  on 
25000  pl^aa)  and  the  menhmura  fur  hnla  mdaufarturlng  and  featanar  UstalUtlsa,  can  he  avaUsied  |n  mere 
teiell.  The  coat/llfe  piete  (flguree  40.  el)  ahvw  eavetopee,  the  roat  ereie  ef  whteh  le  .ffaciod  atroagly 
by  the  TaperUh  ayelea.  If  i.hla  tytiea  le  oatiied  e  geaeral  tread  of  better  fatigue  perforuare  with 
lacreaetag  coat  la  ubaerved  la  the  blgb  load  i.'aaafar  data.  Caeepiloea  to  ibla  tread  ere  the  Mock-CU- 
wblch  le  wra  coat  affective,  aad  the  Acrea  aUeve  rold-worblag,  ehUb  la  aouewhai  Uaa  coat  affeciivu! 


i 

n 


. . 

5.  discussion 

A.  ».„CI0„..  t„  ch.p.„  2  „p„. 

2.  i:SrS  SfHH'^r'd'Er* '"  ■“"*'*"■  ‘'' 

i:  '*“"* 

I  ';^«.^.‘'.p,clU"«VtV^^,^'‘’'  ''"  '•«  »»>'lt.  prcducd  I„  dlff.r.nt  coun.rl..  u.l„. 

6.  ..  d.v.Io, 

E»ch  oi  he  opjecilve,  will  be  dlecueeid. 

•2iJ - DdUrnlneilon  of  the  fetleue  li«.. 

'"''1  ‘"  ''**  ‘'’‘*  D'o«»»»..  A 

ihH!  .  ‘x  hoUe,  which  were  drltUd  J.'.  V  "'>»■<'  f'™  «.nd4id  bolt  ,o 

S;lr::— 

-v*r;;rr;';.s^^  ""  .-.•,-..rs; 

l.-;  Eveluetlon  of  the  f..t...,  . 

obi.iBedi  Iner.e.ln*  coeil  l1»hi*"re,‘"rn‘''‘  L*'*  tn.tell.tlon  eo«.  with  the  '*ii 

Huckctl.^  «d  the  Spin  Sleeve  .:  !'«//  ovelueted.  Mod.r.,., J Vo",  '"* 

ScH  E£" 

Perene.er.  ..  . . . 

..  ■  ,..  . . . . . 
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Load  tranafar  playa  a  aacondary  rSle  In  tha  fatlgua  parformance  of  almplc  ahaar  jolnta.  In  tba  doubla 
ahaar  (cora)  progravma,  dlffarancaa  in  faaianar  ayatam*  in  tanoa  of  Ufa  InprovaiDant,  ara  claarly  ahovn. 
Thua,  load  tranafar  la  not  aa  dominant  as  la  tha  aacondary  banding  In  aimpia  ahaar  Jolnta.  Further »  tha 
fatigue  Ufa  rating  of  tha  different  daalgna  doaa  not  corraapond  with  tha  load  tranafcr  valuaa  maaaured  In 
tha  cora  programna»  Thla  might  be  cauaad  by  tha  dlffarancaa  In  Intarfay  surface  treatment  (Franeh  apeclmen) 
and  dlffarancaa  In  fit  aa  applied  by  tha  dlffarent  partlclpanta.  Conalderlng  other  data  It  la  concludad 
that  faatener  Inatallatlon  parametara  (flt»  clamping*  cold  work)  and  load  tranafar  era  also  Important 
paramctcra.  It  la  euggaaled  that  hole  manufacturing  to  aiae  and  faatancr  Inataliation  should  be  done  at  a 
alngle  aourca  for  thla  kind  of  cora  programme. 

Thua*  faatenar  Intarfcranca  la  a  prlma  parameter*  except  when  applied  in  alngla  ehear  Jolnta.  However* 
no  optimum  value  can  be  given.  Raaulta  auggaat  that  the  Intarfarence  ahould  ba  at  leaat  1  X  of  tha  faatener 
diameter.  But  with  high  load  tranafar  In  combination  with  high  fatigue  atraaa  Icvela  tha  cold  work  plua 
high  Interference  la  tha  prlma  parametar. 

last  but  not  leaat:  tha  coat  of  tha  faatanar  ayatam,  of  courec*  la  alao  a  prime  parametar.  In  conclu- 
alon:  tha  FRFS  programme  not  only  Identified  the  prlma  parametara  in  faatener  ayatem  selection  but  alao 
gualltaclvaly  evaluated  theaa. 

9_.A  Daalgn  data 

The  lerge  number  of  apaclmena  tested  end  tha  numcroua  varlehlea  included  In  tha  programme  yielded  in  a 
large  amount  of  variable  daalgn  data.  It  will  ba  clear  that  tha  programme  did  not  cover  all  varlablea* 
almply  because  the  total  programme  wee  built  around  the  varloue  participant's  Individual  choice  of  program^ 
mca. 


9.S  Reference  datum 


The  core  programisea  allowed  a  comparison  of  different  Joint  geumetrlea  from  various  participants. 
Nut  only  tha  fatlgua  teats*  but  In  particular  the  determination  of  secondary  bending,  load  transfer  and  fit 
contributed  largely  to  the  understanding  of  the  behaviour  of  complex  Jolnta.  Tha  Intornatlon  obtained  might 
serve  as  a  good  reference  datum  for  comparleon  of  test  results  to  be  produced  In  future.  Moreover*  the  core 
progracftme  results  are  a  flrat  atap  towarda  the  daffnltlnn  of  standard  specimen  for  the  evaluation  of 
fatigue  rated  fastener  systems,  which  will  be  a  new  ACARB  SMP  activity. 


Fxperimerital  methods 

Each  participant  used  hie  owr*  experimental  tech.tlquee.  The  report  focused  on  tha  clamping  procedures 
of  "clamping  sensitive"  Joints  as  the  reverae  double  dogbuna  and  iS  dogbona.  Clamping  aenaltlvlty  may  occur 
when  a  Joint  doea  not  transfer  all  loads  from  one  base  sheet  to  one  other  baae  sheat. 


£xp*rlsMntal  methods  were  developed  with  regard  only  ro  the  measurement  nf  secondary  bending  and  toad 
transfer.  However*  the  pre-loading  procedure  should  be  specified  exactly,  the  following  preloading  la  pro¬ 
posed  ; 


0  load  iOO 
SOOO  cyclesi 
0  load  100 
SOOO  cycles; 
0  lead  100 


I  FAUTAFF  -  HIb.  load  FAl^TAFF 
0  load  -  SO  :  FAL5TAFF  -  0 
t  FALSTAFF  HIn.  load  FaLSTAFF 
0  load  -  SO  1  FALSTAFF  -  0 
1  FA1.STAF>  -  Kiti.  load  FALSTAFF 


0 

0 

0;  at  the  100  t  FALSTAFF  the  measurements  should  be 


made. 


Further,  the  form  to  recurd  standard  lest  ItifermcClon  was  not  used  widely  In  the  progra»e.  Thle  Is  la 
eoncraet  with  the  success  of  the  form  to  record  the  measured  fit.  the  proreduree  to  measure  the  fit  worked 
well. 


10.  COHCLUSIOKS 

the  AtlAKfi  coordinated  Fatigue  gated  Fas' ^cr  Systems  progranmie  liae  demonstrated  tlial  * 

(1)  Secondary  bending  proved  to  be  a  prime  parameter*  At  moderate  to  high  values  It  tende  to  nullify  the 
beocfU'ial  efCe£t  of  fatigue  enhaucemebt  faetener  systems;  die  fastener  iastaliaclOH  parameters  (fit* 
etamplfig  and  ec«d  woik)  are  no  prime  parsmaiers  In  that  situation. 

(2)  Slagle  shear  jolate  are  the  *»>«*  severely  loaded  Jelata  with  regard  to  fatigue. 

O)  When  secondary  bendiag  Is  present  the  load  transfer  playe  a  ee£».mdary  rftle. 

(4)  At  low  to  moderate  secondary  bendiag  or  at  the  absence  of  It  the  fit*  clamping  and  cold  work  afS  prime 
parameters.  At  high  load  transfer  and  at  high  fatigue  load  levels  the  best  reeults  are  obtalnel  with 
cold  worked  holes  plus  high  Interference  'it  fasteners. 

(5)  liouble  shear  Jointd  clearly  show  m  fastener  system  latlng  under  realistic  fatigue  loading:  tne  life 
Improvement  methanlsma  are  more  marked  to  these  Joints  than  in  iow  lead  rranster/lew  secondary  bending 
Joints. 

(o)  The  low  load  transfer  Joints  and  ths  high  load  transfer  double  shear  Joint  are  out  egulvalent  with 
legard  to  the  fasteorf  syeteii  rating  aod  co»i  effect  Ivenesa. 

(T)  keaults  suggest  tba?  tba  effect  of  stress  level  is  the  came  for  no  load  and  low  load  traneter  Joints; 
the  l«?w  load  transfer  Joint  has  somewhat  shorter  lives* 

(1)  The  hole  quality  ae  »uch  is  not  a  prime  pj^raneler.  However,  dlmen»lunlag  to  sice  to  obtain  a  close 
tolerance  fit  results  In  holes  with  good  fatigue  quality. 
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(9)  IncTMtlng  COM  of  th<  f^scuner  ay«Ccn  olghc  raaulr  In  a  battir  fatigue  perfonaance.  but 

-  aiodaraca  to  high  aacondary  bendlnt  tanda  to  nullify  ths  axtra  coata  of  fatigua  anhaneament  faatanar 
ayataoa; 

-  both  in  high  load  ttanafar  donbla  ahaat  and  in  low  load  tranafar  jolnca  the  Huck-EXL  ayatan  la  lha 
B»at  coat  affactlva  and  tha  Taparlok  tha  ttoat  coat  Inaffactlva  of  tha  ayacana  avaluatad.  Tha  Huck- 
criap  ayatan  la  noderataly  coat  affactlva  for  tha  doubla  ahaar  jolnta  and  an  coat  affactlva  a<  tha 
Taparlok  ayatas  In  low  load  tranafar  jolnta;  whlla  tha  oppoalta  appliaa  for  tha  Acraa  cold  work 
ayatan. 

Tha  Split  Sleava  cold  work  ayatan  la  modarataly  coat  affactlva  for  both  typaa  of  Jolnta,  but  It  la 
underatood  chat  naw  davalopnanta  will  allnlnate  tha  tint  conaunlng,  and  thua  coatly,  raatnlng  to 
alia  oparation,  Tha  claaranca  fit  Hl-lok  ayatan  la  coat  inaffactlva  pattlcularly  at  high  load 
tranafar  in  conf.lnation  with  high  fatigue  load  lavala; 

-  care  ahould  ba  takan  whan  trying  to  aatabllah  tha  potential  coat  banaflta  or  panaltlaa  In  practical 
aituatlona. 

(10)  Valuable  reaulca  and>a  large  anount  of  deaign  data  ware  generatad  In  intarnational  coopatatlon  by 
conblnlng  particlpanca  progrannaa  and  adding  core  progranata. 

(..fi)  Tha  raaulta  of  tha  core  prograaMa  provide  an  excellent  baala  for  tha  conpajlaon  of  teat  raaults 
produced  uaing  different  apacinena. 

(12)  The  cora  piograone  raaulta  are  a  flrat  atop  towarda  tha  definition  of  atandard  apaclncna;  the  low  load 
tranafar  core  prograsan  abowad  that  tha  uaa  of  atanderd  or  reference  apacinen  raeulte  In  aaeily  com¬ 
parable  fatigue  teat  data. 

(13)  Stendardiced  fatigua  teat  apectra  are  undiapc»sabla. 

(14)  Fetlgkie  taata  on  faataned  jolnta  ahould  ba  acconpenlcd  by  the  detemlnation  of  aecondary  bending  and 
load  cranefar  on  each  conbinecion  of  apacinen  type,  material  and  faatenar  ayatan, 

(15)  The  raqulremenca  and  atandard  inatrunentatlon  fot  the  determination  of  aecondary  banding  and  load 
tranafee  need  only  to  be  adjuatad  -aa  propoaed-  with  regard  to  tha  pre-loading  procedure. 

(lb)  The  diamecera  of  each  hole  and  featener  ahould  be  aeaau«'ed  In  fatigue  teat  prograenea,  which  evaluate 
bolted  Jolnta.  Tl^e  procedurae  adopted  in  thla  prograneie  worked  wall. 
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Fig.  26  Low  lo«d  transfer  joints  -  the  Netherliinds 
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TABLE  (-1 

Number  of  specitnens  for  difEerenc  load  levels  of  che 
double  shear  joints  core  progranme 


FASTENER  SYSTEM 

LOAD  LEVEL 

(MP»1 

h;-lok. 

CLEARANCE, 
REAMED  HOLE 

HI-LOK, 
INTERFERENCE, 
REAMED  HOLE 

hi-lok. 

tNTEftPERENCE, 
COLO  WORKED 
AND 

reamedhole 

1  NUMBER  OP  SPECIMENS  | 

700 

3 

131 

3 

2S0 

3 

131 

3 

?B0 

13) 

13) 

(31 

<  )  OPTIONAL 


TABLE  1-2 

Number  of  specimens  for  different  load  levels  of  the  single 
shear  Joints  /  double  shear  equivalent  cct^  programme 


FASTENER  SYSTEM 

HI-LOK, 

HI-LOK. 

HI-LOK. 

SPECIMEN 

LOAD 

CLEARANCE. 

NTERFERENCE. 

INTERFERENCE. 

DESIGN 

LEVEL 

REAMED  HOLE 

REAMED  HOLE 

COLD  WORKED 

(MPj) 

ANO 

REAMED  HOLE 

NUMBER  OP  SPECIMENS 

ISO 

3 

13) 

3 

SINGLE  SI- EAa 

JOINTS 

200 

3 

13) 

3 

2S0 

I3l 

13) 

131 

IM 

3 

(3) 

3 

OOOIlE  She  ah 

EOUIVALENT 

200 

3 

13) 

3 

2S0 

13) 

131 

13' 

ISO 

131 

13) 

13) 

1  1/3  OOGbONE 

iveE  XJINTS 

200 

3 

13) 

3 

2S0 

3 

13) 

3 

ISO 

131 

13) 

13) 

OOwSlE  ShEAA 

EQUIVALENT 

200 

3 

13) 

3 

2S0 

3 

131 

3 

I  1  OPTIONAL 
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ANNEX  2 

ORIGINALLY  PUBLISHED  AS:  APPENDIX  A/FRFS/NOV.  1981 
FASTENER  SYSTEMS 

Three  fsBCener  systems  are  selected  for  application  In  two  core  progranaaes  of  the  Fatigue  Rated 
Fastener  Systems  programme  (see  reference  1). 

Basically  the  fastener  syatems  are  as  follows: 


fastener  system 

hole  quality 

faatener 

fit 

*6  clearance 
-  Interference 
(mm) 

FRFS-A 

FRFS-B 

FRFS-C 

-OPTIONAL- 

reamed 

cold-worked  <3  X) 
and  reamed 

reamed 

Kl-Lok, 

CSX, 

(9  6.35  nr. 

+  .020  " 

-  .025  -  •‘"‘O 

i  .010 

-  .090 

The  fastener  type  selected,  hole  production  procedures,  Interlay  surface  treatment  and  installation  proce¬ 
dures  are  described. 

Fasteners 

All  fasteners  to  be  used  are  cadmium  plate  steel  Hl-lok  KL-19-8-?  together  with  HL-70-8  collars. 

The  coding  lIL-19-8-7  refers  to; 

HL-19:  pin  part  number 

-  8:  8/32  Inch  or  6.35  mm  nominal  diameter  pin 

-  7:  7/16  Inch  or  11.11  mm  maximum  grip  length. 

The  collars  are  made  of  2024-T6  aluminium  alloy; 

the  coding  -  a  refers  to  miwinal  ihrtiid  sire  of  b/32  inch  or  6.35  tmu.  The  nominal  diameter  of  the  pin  Is 
6.35  mm;  the  specified  minimum  and  maxloium  diameter  are  6.312  mm  and  6.337  mm  respectively.  However, 
practice  shows  that  the  pin  diameter  Is  between  6.325  and  6.337  mm. 

Fastener  holes 

T,ble  2-1  (5lve»  the  hole  preparation  for  each  faatener  aystem.  Nominal  tool  diameters  should  be  aelected 
very  ciiefully  by  eacn  participant  to  arrive  at  the  required  fit. 

The  cylindrical  parte  of  all  fastener  holes  must  be  reamed  aa  a  last  uorlilnE  procedure. 

Countersinking  la  done  after  reamlnu  of  the  cylindrical  parts  of  the  fastener  lioles. 

Dlmenaluna  of  the  countersink  are  given  In  the  following  figure; 


1 00*  *  30' 


Dimensions  ot  the  counters inV 


After  countersinking  all  hole  edges  at  Interfaying  and  break  out  surfaces,  «xcept  the  countersink,  are 
lightly  deburred. 

As  Indicated  earlier  the  faatener  system  g  U  an  Interference  fit  Hl-lok  In  a  » old-worked,  reamed  hole  (see 
table  2-1). 

The  holes  must  be  cold-worked  using  the  Spilt  Sleeve  Cold  Expansion  Process  (CX)  of  Fatigue  Teeluiology 
loc.g  USA;  detailed  lafortMtlon  about  the  hole  production  ts  given  In  the  following  (see  also  reference  2). 
The  starting  holes  shall  be  resmed  to  dimensions  as  given  In  table  d-1;  chess  dlmsnslons  correspond  with 

those  of  reference  2.  If  a  cutting  fluid  leaves  an  excessive  lubricant  reildue  In  the  hole,  the  residue 

must  be  removed  before  split  sleeve  cold  expansion. 

The  major  and  silnor  diameter  of  the  mandrel  are  given  In  figure  2-1.  The  mandrel  major  diameter  la  allowed 

to  shrink  or  wear  a  maximum  of  .015  mm  (.0006  Inches)  from  the  nomlual  dlamater  before  replacement. 

Uae  of  s  reamer  wtrh  a  n>n-cutting  pllor  Is  required  aa  a  quality  control  measure  to  ensure  chat  all  holes 
are  cold  expanded  prior  to  post  alsing.  The  pilot  diameter  will  not  fit  Into  a  starting  hole,  but  will  fit 
into  a  cold  expanded  hole. 

The  cold  expanded  hole  has  an  axial  ■'Idge  which  corresponds  with  the  position  of  the  split  In  the  sleeve. 
Tost  sUl'Ag  la  required  to  clean  up  the  hole  in  order  to  provide  the  desired  fastener  fit 
The  maximum  metal  removal  Is  limited  to  10  X  of  the  nominal  hole  diameter  or  1.5?5  mix  (0  062  Inchesl 
whichever  la  leaa. 

The  ITl  process  specif Uarlon  allows  that  the  finished  hole  contains  a  region  near  the  entry,  exit  or 
Interlace  which  do«s  not  totally  clean  up  during  the  post  sizing  opera*lou.  The  hole  will  be  aeeeptabi:] 
providing  the  region  doea  not  extend  axially  by  more  than  .508  «m  (.0''0  inches)  or  lO  t  of  the  detail 
thtekness,  whichever  la  leas. 

^cblnlng  oj  countcrilnk.  sh.ll  bt  performed  after  puet  site  reaming.  Ail  lioU  edges  at  lilterf.ytng  and 
break  out  surfaces,  sieepi  the  cauarerslnk,  are  lightly  deburred. 
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Faying  surface  treatment  and  aaaembly  of  apeclroena 

CoQsncn  to  all  parClcipanCa  of  the  Double  Shear  and  Single  Shear  Core  Programoea  la  the  achena  of  faying 

aurface  treatment  and  wet  Inatallatlon  of  the  fasteners.  Following  machining*  hoie  production  and 

meaaarement  of  all  holea  (aee  reference  3)  specimens  will  receive  a  faying  aurface  treatment  aa  follows: 

-  cleaning  (degreaalng)  with  suitable  solvent; 

-  application  of  epoxy  primer*  except  in  countersunk  holes*  to  a  dry  film  thlckiteaa  of  .03  -  .13  mm; 

-  cure  primer; 

-  upon  aasenbly  the  faying  surfaces  of  the  joint  specimens  will  be  coated  with  Products  Research  and 
Chamlcal  Corporation  (PRC)  PR-L43iG  or  equivalent.  The  sealant  ia  applied  using  a  standard  short  nap 
paint  roller  (see  PRC  Interim  Technical  Data  Sheet  for  the  PR-L431-G  corrosion  inhibitive  sealant); 

-  no  topcoat  la  to  be  applied  to  the  specimens. 

References 
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TABLE  2-1 
Fastener  syatema 


FASTENER  SYSTEM  CODE 

FRFS-A 

frfs-b 

FRFS-C  optional 

FASTENER 

Hi-LOK  HL-19-8-7.  nom.  die  6.35 
min.  dia.  6.312*  max.  dia.  6.337 
practice:  dia.  6,325  -  6.337 

PREDRILL 

DRILL 

REAM 

COLD  WORK 

REAM 

X 

X 

X 

X 

X 

TO:  5.71  -  5.79  enm 

3  X 

split  sleeve 
process 
(CX)  of  FTI 

X 

X 

X 

X 

countersinking. 

DEBURRING  OF  ALL  HOLE  EDGES*  except  the  counteraink 

MEASUREMENT  OF  FIT 

INTERFAY  SURFACE  TREATMENT  -  cleaning 

-  epoxy  primer 

-  aealsnt  PR-1431-G 

WET  INSTALLATION  OF  FASTENERS  (PR-1431-G) 

fit  +  clesrence 
-interference 

l.OlO 

+  .020 

i.OlO 

-.025 

1.010 

-.090 

(dimensions  In  imu) 


MAJOn  OlAUETln  MIMOn  DIAMETER 


NOSECAF 


MANDREL 

ATTACHMENT 


f  AITENEREVITEM  S  I 

FTI  STANDARD  TOOL  NUMIER 

e-s-N 

mandrel  major  DIAMETER 

MINOR  DIAMETER 

SltJ*®”™. 

'  ILE  EVE  DIME  NSIDN 

j  THICKNESS 

Fig.  3~i  Split  sleeve  cold  expansion  mandrel 


originally  PURLISHED  AS!  APPENDIX  E  /  FRFS  -  AUGUST  1981 

>nrt<illllEMENT  OF  PIT  AMD  SURFACE  ROUGHNESS 

10  00.81108  c.  lU  01  0008  — 

ahould  bo  choroctorlrod.  Moaourononto  should  bo  notod  on  opoo.i 

Breoen*  .  i  w 

Tho  ptoceduro  la  aa  followa  (seo  tahlo  3-1) 

*  Each  Sooclioon! 

-  5poci®on  idontif icationj 

-  Identification  of  the  faatenec  ho lea. 

‘  r«l:rt:::nt'-frtwo  diameter  (perpendicular)  on  the  top  aide  of  the  apecl«n.  calculation  of  the 
b  re::re»:«  :l  two  dlacetem  (perpendicular)  on  the  bottom  aide  of  the  apeclweu.  calculation  of 

“  the  average  value; 
c  average  flgurea  found  under  a  and  b; 
d  measure  the  faatener  diameter  (twice); 

I  calculate  the  average  faatener  diameter, 
f  eatabllah  the  fit. 


TABLE  3-1 

Heasurfjnent  of  fit  and  surface  roughness 


Of  SECONDARY  RENDING  AND  DO 

SO””**''  ,  SletAd  fa.t»at  Sjatema  Ptogta»«  a  procedure 

l.  INTRODUCTION  oreenenc  vaa  reached  on  tha  ,oj4  tranafer  la  to 

^  -  -U‘^4re  4bear  dolnta  Core  frogra»e  „„ 

rhe-Srr^rng  Group  adopted  a  Chla  procedute  wlU  aUo 

by  Dr.  D.  Schuti  (LRF)  aue  ^  procedure  for  the  determ  .„,crlbed  herein, 

l-ardirr-tblt  Shear  do-  .mhera  to  uae  the  procedure. 

It  la  Btroogly  recommendeo  y 

,  pgigpHINATlON  Of  SECONDARY  RENDING  ,^.„,bed  la  baaed  on  the 

“■ ■"'  ’  ■"  ■■ 

••■■:  ■•••  ■••••  ■•"  ■'■  '■“ ; 
The  location  of  ctacR  in  „„,>tion  of  the  attalr 

for  the  «eaeurement.  (reference  3)  for  chooaing  the  p 


Th;  -ation  of  ct.cR  init.at.un  .. 

for  the  «eaeurement.  (reference  3)  for  chooaing  the  p 

•  */.«  hsa  been  adopceo 

The  following  conven 

. . net.  in  a  tov  the  po.ition  of  the 


.angel"  “ 

,)  in  the  caae  of  Joints  with  aever.l  a 

figure  4-1.  poaltlon  of  the 


a)  lu  ert.ln  gauge,  la  given  in 

figure  4-1.  ^  poaltlon  of  the 

h)  in  the  case  of  Joint,  with  one  «» 

. .  .train  gauge,  ahould  be  bonded,  1- 


bj  in  the  case  of  Joint,  wirn 

.  ..  ..  -  «•  •”  “  1,  ..  ...........  U  ... 

-■A -  ■“••  ”"■••• 

i;  “.n; *■  »•  _  ... .....  >  -  -  ■■'  - 

I.  1.  n.—...  "  "•  “' 

pectlvely. 


,lyen  in  figure  4-3.  .r  the  oppoeite  .idea 

The  "rVt  r..io  m  -  bendmg  erraln  and  the  a.1,1 

2.3  tgadJBEllta^  „„4er  at.rU  loading.  The  load  atepe  at 

The  ^aeurement  of_^.eCond.r,  -"--^^.^^"foad  In  the  PAIStAPb  .eguence. 

table  4-1  ■  be*'*  Bea.ureoenta  oiadj. 

,  „y  be  ua.d  for  teporilng  of  th  obtained  Indicating  that 

Table  I  *1*0  .  a  y-  *^y  aa»  ^  rt#  Ivlfthly  *ire**«d 

vv^.‘ -ord^rl.trl-^>'^f®:":;^'’r^^  *" “ 

re.ldu.l  ‘“"'Ue„r..«nt  ahould  he  repeated  after 

••:.■■  >•■•  * . . . .  . . .  '••“ 


re.ldual  oaio.-..--  -  r  .hould  oe  ce -  f.-leue 

. . . . . .  - . . 

o  Note:  Th.  loads  applied  »" 

ie*t*« 

.  .  .  .vpteal  esample  (figure  4-4)  wee  ‘V^uVd  within  the 

Tl,e  load  acHuence  applied  wee. 


Results  of  the  first  losd  cycle  sre  given  In  figure  4-5. 

Al»o  atsblUscd  loid-elong»tlon  curves  were  obcslned:  en  approelmste  linear  relaclonehlp  wan  found  (flgu 


3.  DETERMINATION  OF  LOAD  TRANSFER 

In  joints  load  la  transKlCCed  from  one  piece  to  another  at  each  fastener  row.  The  determination  of 
load  tranaler  la  baaed  on  strain  messuremenCa  during  loading  and  unloading. 

The  position  of  the  strain  gauges^  the  definition  of  load  transfer  and  load  application  are  described  In 
the  following. 

3.1  Foaltlon  of  the  strain  gauges 

The  poaltlon  of  the  strain  gauges  la  glvan  In  figure  4-6. 

At  site  'a'  the  total  (aalsl)  load,  carried  through  the  Joint,  i-aasured. 

At  site  *c*  the  bypass  load  (figure  4-7)  Is  measured. 

The  variation  In  load  transfer  over  cross-section  "A"  Is  eatabllshe*  using  a  number  of  strain  gauges;  the 
position  of  the  strain  gauges  la  given  In  figure  4-6.  In  order  lo  delude  the  effect  of  secondary  bending 
loads  the  strain  gauges  should  be  bonded  on  opposite  sides  of  the  plate.  Shallow  recesues  should  be  manu¬ 
factured  In  the  opposite  plate  to  accommodate  the  Interference  gaus«(a)  and  wires;  the  dimensions  of  the 
shallow  recess  are  given  in  figure  4-1.  The  dimensions  of  the  strain  gcuges  are  given  in  section  2.1. 

3.2  Definition  of  load  trauafar 

Load  tranafer  la  defined  aa  the  load  which  ie  transferred  from  o;»b  plate  to  another. 

That  part  of  the  load  which  Is  not  transferred  la  called  the  bypastlug  loud.  Load  transfer  and  bypassing 
load  are  given  achemetlcally  In  figure  4-7. 

Load  transfer  -In  moat  esaea-  Is  expressed  aa  the  percentage  of  the  totel  load  esch  fastener  row  trsnsmlts 
(reference  4);  therefore  the  percentage  of  load  tranefer  la  given  by: 

axial  ioad  alte  *a'  -  axlel  load  alte  'c'  .. 

rxirr load  site  's' -  * * 

3.3  Load  application 

The  procedure  la  Identlcsl  to  the  one  used  In  the  determlnstlon  of  secondary  bending;  therefore  see 
section  2.3  of  this  memorsndum. 


4.  CONCLirSlONS 

Procedures  for  the  determlnstlon  of  secondary  bending  end  load  crenefer,  based  upon  the  usage  of 
tCrsln  gauges  have  been  described. 

The  strain  gauge  messuremente  ere  carried  out  at  s  number  of  steps  under  static  loading. 

From  the  measurement  the  secondsry  bending  rstlo  snd  the  percentsge  of  losd  transfer  can  be  derived. 
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I  AilNEX  5 

RESULTS  OF  THE  MEASUREMENTS  OF  SECONDARY  SEND INC  AND  LOAD  TRANSFEH 

Thl«  aactlon  praaanta  tha  full  daCalla  of  tha  uaauraMnca  of  aacondary  banding  and  load  Cranafar. 
Tabla  5-i  to  to  5-l«  praianta  tha  valuaa  of  aaeondary  banding  and  load  tranafar  aa  raportad  hy  tha  partUi- 

'  pantOa 

Flgura  5-1  to  5-3  praaant  graphically  tha  aacondary  banding  and  load  tranafar  aa  function  of  tha  appllad 
^  load.  Tabla  15  of  tha  aaln  auction  of  thla  raport  Runmarirea  tha  valuaa  of  aacondary  banding  and  load 

\  tranafar. 


TABLE  5-1 

Valuaa  of  load  tranafar  and  aacondary 
banding  ratio  -  Franca 


Spaciaan  type 

REVERSE  DOUBLE  DOCBONE 

Speclsan  nuabar 

7-1  ’074  “Gan.  D"  -  HI-LOK 

REAM;  IKTEnrEREKCE  80  uB 

Alixlln.  1200,  prlwr  *  PR1422 

Max.  load  (HPa) 

250 

Hln.  load  (Kfa) 

-54 

t  of  tha 

Sacondary 

1  load 

uxiaua  load 

banding 

tranafarrad 

In  FALSTAFF 

ratio 

SBl 

SB2 

0 

.409 

.249 

16.7 

.359 

.231 

8.7 

53.3 

.  333 

.211 

7 

50 

.314 

.193 

6.4 

66.7 

.295 

.177 

S.S 

83.3 

.273 

.  159 

5.3 

100 

.258 

.150 

4.9 

B3.3 

.277 

.16! 

4.5 

66.7 

.29B 

.174 

4 

50 

.322 

.192 

4 

33.3 

.342 

.215 

4.1 

16.7 

.566 

.240 

5.9 

0 

.397 

.254 

MlnlauM  load 

.370 

.234 

-10.4 

0 

.571 

.245 

( 


M  •  aalal  attain  (aean) 
In  top  ahaat 


“l 

1 _ 

ai 

_J  I 

aai 

>  J  j ., 

,  T 

1  m 

r-— — ^-2* - 

1  //  — 

~  1  ~  ^ - 

1  II 

1 

i  » - 

\ 

ratTfiicit 
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IfWI-E  5-2 


TABLR  3-6 

Valu««  of  load  craoafar  and  aacondary 
banding  ratio  -  UK 


Spaclmao  typa 

SpaclMD  Duabar 
Max.  load  (M?a) 
Hln.  load  (KFa) 

Q-TYPE.  NON 
Kl>LOK 

10 

350  NET 
-107  NET 

COLD-UORKFJ). 

taat  run. 

AFTER  20.000  CYCLES 

cycle  nr. 

6ETVtEN  0  AMD  30  Ul 

1  _ 

X  ot  [ht 

Sacondary 

t  load 

aaxlaum  load 

bending 

tranafarrad 

In  FALSTAFF 

ratio 

0 

0 

0 

16.7 

.J4J 

34.0 

JJ.3 

.295 

36.5 

50 

.360 

42. J 

66.7 

.39J 

43.5 

SJ.J 

.430 

47.5 

100 

.440 

49.0 

B3.1 

.400 

50.0 

AA.7 

.330 

46.0 

JO 

.300 

52.5 

)3.1 

.240 

54.0 

LA. 7 

.370 

55.0 

0 

0 

0 

Binlauii  load 

.340 

40.0 

0 

0 

C 

TABLE  5-7 

Valuaa  of  load  tranafar  and  aacondary 
banding  ratio  >  UK 


Spaclnen  typa 

Spaclnan  nunbar 
Kax.  load  (KPa) 
Hin.  load  (KPa) 

Q-TYPE,  COLO-WORKED, 

Hl-LOK 

3 

380  NET 
-65.4  NET 

taat  run, 

Am*  20.000  CTCLES 

cycle  nr. 

lETUECM  0  AND  30  kM 

_ 

Z  of  the 

Sacondary 

■taxi Bum  load 

bending 

In  FALSTAFF 

ratio 

-mu. 

0 

0 

0 

14.7 

.344 

33.5 

33.3 

.442 

33.2 

50 

.522 

3?. 4 

66.7 

.547 

40.9 

83.3 

.537 

42.1 

lOO 

.528 

43.3 

83.3 

.512 

43.4 

44.7 

.493 

43.3 

50 

.475 

43.6 

33.3 

.471 

44.3 

14.7 

.46* 

44.5 

0 

0 

0 

BlniBum  load 

.277 

37.0 

0 

0 

0 
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'00  MO  JOO 
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0  X)INT 

FRF8-A 

- -  — 

- =M 

FnF$-« 

-100  0  100  200  300  “100 

APPLIED  STRESS  (MPi^ 

Fig.  5- 2b  Secondary  bending  and  ioad  transfer  of  the  Q  joint  -  UK 
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applied  STRESS  IMPi) 


, 

TYPE  CJ 

LAP  JOINT 

FHFS-S 

_ tjLH 

rig.  i-2c  Secondary  bending  of  the  type  C2  la'»  joint  -  USA 


-  » 

1  V'7EX>C80NI 

PNPA-A 

— — 

=4= - 

PNFb'b 

rig.  Soeuoiacy  AAd  load  iraaafer  ol  l|  dogbuee  joint  •  (he  Ndcherlaoda 


TABLE  6-2 

Ko  load  transfer  joints 


NO  LOAD  TRANSriR  JOINTS 


2024-T)SI 

ANODlZt 

Fa 2 HER 
SCALAMT 

22U-T651 

FAST. 

DRY 

INST. 

7*75-Tn61 

7050-T7651 

7024»rJ3| 

lAAK 

LOAD  I.CVRL  (K?*),  rLICHTS  TO  TAILURI  AND 


rALSTArr 


Loasoit  jmsFER- 
t»ci 
16>)2 


351.6  ^92.5 


TAfiti:  6-J 

So  load  transfer  joints  -  Sweden 


NU  load  TRA.*4Srtl  JOlITTS 


MATKFlAl 

ALLOT 

FAYtKC 

SVtTACt 

jon-TJ 

FFOXT 

i'XlMtK 

smAKT 

7U10- 

T75h5l 

I) 

FRUnc 

FASTSKtLi  StSTW 


fc£AM  ULH>L1.06.n 

t  5.990  I  AVX..7 


rAUTAFF  (KFa) 


00  nr»  280  HFa 


> 120000 
75151 
U2572 


9|*dclttett  width  In  tk«  eh»ri  crafta*»eree  dlrertlee. 


TAUU  b-i 

L»>u  to4d  tr4n*r'er  joints  -  Utmany 


TABLE  6-8 

Low  load  transfer  joints  -  United  Kingdom 
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II 


I 

I 


f 

\ 

\ 


LOW  LOAD  TRANSFER  JOINTS 

UNITED  KINGDOM 

-  H-=  RSVERSE  DOUBLE  DOGBONE  UK 

-DESIGN 

HA 

TERIAL 

FASTENER  SYSTEM 

LOAD  LEVEL  (MPa) ,  FLIGHTS 

TO  FMLUKE  AND  {LOG  HEAMj 

ALLOY 

FAYING 

NOLE 

FASTENER 

FIT 

1  FALSTAFP 

QUALITY 

164  (-  280  NET) 

206  <-  350  NET) 

7050-T7651 

ALOCUROHED 

REAM 

HI-LOK 

CLEARANCE 

25231 

6631 

PRIHER 

13-61 

12372 

5711 

SEALANT 

21359 

4929 

19292  ^iog  mean 

1  mm 

rmn 

TAPER 

TAPERLOK 

INT. 

54231 

22972 

REAM 

46-106 

37772 

30796 

50631 

14224 

24831 

27172 

27863 

26811 

1  3725AI 

1.756061 

REAM 

HI-TIGUE 

INT. 

55351 

17080 

76-127 

54772 

17729 

53172 

22959 

42172 

21572 

74772 

23372 

1  531091 

rzoiial 

REAM 

HUCKCRIMP 

CLEARANCE 

12929 

5280 

13-48 

10724 

5698 

13172 

6128 

11011 

5024 

18959 

5024 

1  I30«9l 

1  561t| 

DRILL 

HUCK  EXL 

INT. 

27531 

14224 

38-144 

80280 

20631 

HUCK 

120272 

26490 

HANDRELL 

39759 

39111 

COLD 

36431 

24205 

WORK 

1  521321 

[23^ 

SFLIT 

HI-LOK 

TRANSITION: 

72372 

14725 

SLEEVE 

13  CLEAR. 

82172 

20711 

COLD 

TO  39  INT. 

40529 

18031 

WORK 

43372 

23359 

60572 

16559 

REAM 

1  573831 

riBAjii 

ACRES 

Hl-LOK 

TRANSITION: 

54625 

19372 

SLEEVE 

n  CLEAR, 

34372 

17031 

COLD 

TO  13  1ST. 

60511 

21231 

uou: 

38231 

22989 

44231 

19972 

1  451641 

1200201 

nn 

iSt  DOUBLI 

DUCBONC 

-  - 

ACARJ 

1 

0  DESIGN 

REAM 

UI-LOR 

CLEARANCE 

26337 

6221 

13-61 

19972 

7031 

21724 

6011 

24129 

4480 

23172 

4729 

nT966l 

sriiT 

HI-U* 

TRANSITION: 

136464 

19172 

SLEEVE 

13  CLEAR. 

173572 

33880 

COLD 

TO  39  *NT. 

50759 

32011 

WORK 

178745 

22329 

REAM 

140231 

39824 

[Tms^ 

[2^ 

«0 


TABLE  6-9 

Low  load  transfer  joints  -  USA 


LON  LOAD  TRANSFER 

JOINTS 

USA 

1  ] 

DOC BONE 

11- 

1  MATERIAL 

HOLE 

FASTENER 

LOAD  LEVEL  (MPa), 
FLIGHTS  to  FAILURE 

FAYING 

QUALITY 

ALLOY 

PALSTAFF 

261.9 

2024-T3 
CLAD 
t  •  3.2 

STANDARD 

DRILL. 

DEBURR 

RIVET  2024  HAND 

BUCKED 
(ICE  BOX) 

4372 

5772 

2572  lofi  Man 

noirr 

RIVET  2024  MACHINE 

SQUEEZED 

(ICE  BOX) 

1372 

3572 

1221*  1 

RIVET  7050  HAND 

BUCKED 

2024 

3480 

1 2654  1 

RIVET  7050  MACHINE 
SQUEEZED 

2231 

2430 

1  2328  1 

TABLE  6-  10 

Type  D  dcjble  shear  joint  -  France 


DOUBLE  SHEAR  JOINTS 


TYPE  0  JOINT 


FASTENER  SYSTEM 


LOAD  LEVEL  (MPa),  FLIGHTS  TO  FAILURE  AND  IlOG  KEAN) 


ALLOY 

FAYING 

HOLE 

FASTENER 

FIT 

FALSTAFF 

CAL  R-.  1 

MINI- 

TWIST 

SURFACE 

QUALITY 

200 

250 

300 

IBO 

109 

130 

2024-T351 

ALODINE 

REAM 

HI-LO»; 

INTERF^’REHCE 

>139726 

64797 

13373 

126750 

1)  7653 

25656 

PRIMER 

80 

23.3130 

73973 

23760 

265020 

96656 

9656 

>174000 

4Q573 

39173 

167560 

736S6 

21656 

>272195 

.  ./ 

Man 

Itfe 

765210 

87513 

16656 

>|19B187| 

1)79401 

|23200l 

U0569ll 

1930001 

7075- 

ALODINE 

RFAM 

HI-LOK 

11B373 

29740 

41226 

164070 

136412 

50662 

T7351 

PR I HER 

94B32 

47295 

30422 

225630 

96766 

41656 

59573 

21632 

395060 

65099 

45656 

(Tj/Sol 

165550 

169710 

106095 

62662 

IJOQSOI 

imoSol 

1967001 

[wool 

7050- 

T765I 

EPOXY 

BROACH 

clearance 

9179 

3730 

(ritfs-A) 

10973 

3373 

1  48101 

onu 

COLO 

INTERrEKENCE 

69760 

■ntiy 

uuRi: 

15-35 

B5032 

l‘.7T3 

BROACH 

50025 

2B730 

13071 71 

AUJOINE 

REAM 

Hl-LUK 

lKnRl^Kt:XCE 

45973 

67)91 

PftIHEK 

BO 

10B32 

1)4936 

51573 

52965 

6B412 

fHsoul 

HA’OOl 

1*4  773 

55CJ2 

iJ725 

l9;;oo 

82662 

24  501 

113J73 

36797 

404  il 

139340 

66657 

41651 

5097J 

206)2 

J20720 

63641 

25656 

U141D 

163510 

71671 

33099 

|12B1101 

|4t«Uu| 

IDaoooI 

1759001 

1 30550) 

t -  i 

82 


TABLE  6-13 

High  load  transfer  double  shear  joint  -  United  Kingdom 


DOUBLE  SHEAR  JOINTS 


TYPE  H2  -  HIGH  LOAD  TRANSFER 


UNITED  KINGDOM 


LOAD  LEVEL  (HPa) ,  FLIGHTS  TO 
FAILURE  AND  I  LOG  MEAN  I 


FASTENER  SYSTEM 


FASTENER 


256  375  NET 


CLEARANCE 

5091  1 

189^.3 

I3-4S 

U825 

U329 

4527A 

17031 

U3431 

20572 

IU529 

1952/* 

1  56214] 

liiw"! 

TRANSITION; 
13  CLEARt  TO 
39  INT. 


transition 
n  CLIAR.  TO 
U  tKT. 


51172 

76759 
>  224420 
lti619& 

93021 

31759 

3A525 

21772 

27359 

U476V 

13624 

41929 

4563’- 

9031 

16972 

12329 

30621 

[  6J0Jt| 

fHirn 

TABLE  6-14 

lype  C  lap  joint  -  France 


SINGLE  SHEAR  JOINTS 

TYPE  C  LAP  JOINT 


FASTENER  SYSTEM 


^5ATF;.ilAL 


ALLOY  FAYING  HOLE  FASTENER 
SURFACE  qrALlTY 


LOAD  level,  flights  TO  FAILURE  AND 


84 


TABLE 
Q-type  joint  - 


6-15 

United  Kingdom 


SINaE  SHEAR  JOINTS 

UNITED  KINGDOM 

LOAD  LEVEL  <MPa) » 

_ 4=^^^ -  q-joiNT 

MATERIAL 

FASTENER  SYSTEM 

ILOG  HEANi 

ALLOY 

FAYING 

SURFACE 

HOLE 

QUALITY 

FASTENER 

FIT 

pn 

FALSTAFF 

191  280  HET 

263  350  NET 

7050- 

T76 

_ 

PRIMER 

SEALANT 

_ 

REAM 

(Vrfs-a  ) 

HI-LOK 

CLEARANCE 

10-30 

INTERFER¬ 

ENCE 

15-35 

12128 

14431 

12180 

13831  log 
14031  mean 

[T328o1J^ 

3925 

2929 

3444 

4336 

136391 

COLD 

WORK 

REAM 

^FRFS-B^ 

9631 

12424 

12329 

16224 

17631 

3801 

3172 

3624 

5323 

f390^ 

1133371 

TABLE  6-! 6 

I J  Dogboiie  joint  -  USA 


SINGLE  SHEAR  JOINTS 

USA 

r 

. 

LOAD  LEVEL  (MPa). 

FLIGHTS  TO  FAILURE  AND 
ILOC  MEAKl 

— 

i 

MATERIAL 

FASTENER  SYSTEM 

ALLOT 

FAYING 

hole 

QUALITY 

FASTENER 

FIT 

FALSTAFF 

2  3R 

7075- 

T7a 

HARE 

1-3.2 

ANODIZE 

PRIMER 

TOPCOAT*^ 

1) 

not  on 
faying 

REAM 

HI-LOK 

SLIGHT 

PRESS 

16772 

22572 

25529 

19972  t.>.  Kan 

1 2  0961  }- 

REA.H 

SLEEVHOLT 

INTEIE- 

rutMO. 

44 

TUTT' 

:ii729 
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